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ABSTRACT

The study of how aesthetic qualities of games affect student learning and motivational
outcomes is an area in need of research in the instructional design field. Existing research in this
realm is either lacking or does not provide comprehensive criteria for assessing its effectiveness on
student outcomes. The purpose of this dissertation was to address this gap in literature by producing
two articles based on a systematic literature review and a game-based learning quasi-experiment.
In Chapter Two, the systematic literature review gathered 44 studies published within the last
decade to find trends in game design, visual game attributes, and research methods in STEM gamebased learning studies. These trends were then compared to student learning achievement and
motivational outcomes, and aligned with the findings of previous systematic studies. In Chapter
Three, the experimental study tested a science inquiry game with 95 middle school students to see if
a cartoon or realistic style of the graphics make a difference in student perception of game
components, game performance, and motivational outcomes. Ultimately there were no significant
differences between the conditions, however the qualitative data revealed that students were
sensitive to character facial expressions, the tone of the dialogue, and the amount of detail in the
scenery. The relationships and contributions of these articles are discussed in Chapter Four.
Together these articles contribute to the body of knowledge by putting game aesthetics at
the forefront and providing direct comparisons of how they influence the student learning experience.
This dissertation was conducted in an effort to inspire enthusiasm for the study of aesthetics in
game-based learning and provide ideas to consider for future directions.

v

CHAPTER ONE:
INTRODUCTION
The use of digital games to teach educational topics is a popular platform for instructing a
variety of domains and grade levels (Hainey, Connolly, Boyle, Wilson, & Razak, 2016; Qian & Clark,
2016). Referred to as game-based learning (GBL), knowledge and skills acquisition are enhanced
through challenges and problem-solving opportunities embedded within game activities (Qian &
Clark, 2016). GBL is an instructional strategy that combines fun and work into one package,
fostering deep learning (Gee, 2005).
Well-designed games can give the player an emotional charge that instigates
contemplation, problem solving, and enlightenment (Gee, 2005). While playing a game, players are
inevitably going to fail, however the experience of failing in a game context is different from failing in
school. Failure in a game is safe; the player can start over again, consider the mistakes from
previous attempts, and apply what they learned from the mistakes to eventually succeed.
A game provides a sheltered context for students to take risks and test out different
strategies that would otherwise be too precarious in the real world. Games also give students the
opportunity to be emotionally engaged in competitive situations. Through competition, players
develop their social skills and learn lessons about winning and losing. Gee (2005, p. 37) mentions
several other aspects of games that enhance learning:
…namely, recruiting distributed intelligence, collaboration, and cross-functional teams for
problem solving; offering players “empathy for a system”; marrying emotion to cognition;
being challenging while still keeping frustration below the level of the affective filter; giving
players a sense of production and ownership; and situating the meanings of words and
symbols in terms of actions, images, experiences, and dialogue, not just “definitions” and
texts read outside of contexts of use.
Another noteworthy advantage with game-based learning is that it can situate students within
realistic experiences that cannot otherwise be conducted in a regular classroom setting (Prevost,
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Romero, Moon-Michel & Lou, 2016). A study by Buffum, Frankosky, Boyer, Wiebe, Mott, and Lester
(2016) exemplifies this advantage with Engage, a game set in an underwater research station.
Players assume a computer scientist role as they explore and solve mysteries. Kang, Liu, and Qu
(2016) show another example in their study with Alien Rescue, a game that takes place in a space
station. Players work as scientists on a mission instigated by the United Nations to rescue a group of
aliens.
To design such fun and enlightening experiences, designers should have a strong
understanding of the parts of the game (Schell, 2015) and how to seamlessly merge the learning
objectives into the game mechanics (Qian & Clark, 2016). Schell outlines four basic elements to a
game: mechanics, story, aesthetics, and technology (2015, pp. 51-52). The mechanics allude to the
goals of the game and how the player succeeds through rules and procedures. The story describes
the series of unfolding events in the game, which can have a linear structure or branch out with
alternative options. The aesthetics represent all sensory qualities of the game and maintains the
most direct relationship to the player experience. Finally, the materials and interactions needed to
construct the game platform refer to technology. According to Schell (2015) these four elements are
crucial and equal in importance.
While mechanics, story, aesthetics, and technology are equally essential, it is the aesthetics
component that establishes the first contact point between the player and the game (Barnett, 2018).
Players have aesthetic experiences with the game if they are “marked by emotionally charged
anticipation, deep engagement, and willingness to follow through to completion” (Parrish, 2009, p.
514). Aesthetic experiences are ideal for setting up optimal conditions for learning. On the other
hand, players have unaesthetic experiences if they are bored and feel as though they are taking part
in meaningless or imposed labor (Parrish, 2009). Such impressions are not likely to deepen one’s
abilities, be meaningful, or promote engagement.
Recent studies have examined the effects of aesthetic game characteristics on learning
benefits. A meta-analysis conducted by Wouters, Van Nimwegen and Van Oostendorp (2013)
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analyzed a collection of 39 studies to find out if games were more effective than conventional
instructional methods in regard to learning and motivational outcomes.
A large portion of the game learning topics applied to Science, Technology, Engineering, and
Math (STEM) subjects and participant age levels spanned from child to adult. Among the game
attributes coded in the study were levels of realism, narrative, and learning arrangement of the
comparison group. The level of realism referred to the graphical format of the game and whether the
presentation was mostly textual (schematic), cartoon-like (cartoon), or photorealistic (realistic). The
narrative category indicated whether or not the game was based on a storyline. Finally, the learning
arrangement of the comparison group noted the level of instructional engagement: active (e.g.,
interactive tasks), passive (e.g., listening, reading, PowerPoint presentations), or mixed (a
combination of active and passive instructional tasks).
Results from this study indicated that games with a schematic level of realism were more
effective (d = 0.46, p < .01) than those with a cartoon (d = 0.20) or realistic (d = 0.14) visual style.
Games with a narrative element were less effective (d = 0.25, p < .001) than those without a
storyline (d = 0.46, p < .001). Finally, games with passive instruction yielded an effect size (d = 0.06)
far below active (d = 0.28, p < .001) and mixed instruction (d = 0.50, p < .001).
Clark, Tanner-Smith, and Killingsworth (2016) continued the effort of Wouters et al. (2013) by
conducting a similar meta-analysis and systematic literature review. Their collection comprised of 69
digital games studies within the K-16 grade levels across numerous disciplines. This study expanded
the strategy for coding visual and narrative attributes with the following categories: visual realism,
anthropomorphism, camera perspective, story relevance, and story depth.
Visual realism specified three subcategories: schematic (e.g., text-based games with
symbols or simple graphical elements), cartoon (e.g., two-dimensional format with unrealistic looking
characters), and realistic (e.g., photographic, 3D format, and/or figures with realistic shading and
form). The anthropomorphism classification indicated how human-like features or movements are
applied to elements in the game context and were rated as low, medium and high. Camera
perspective referred to the player’s viewpoint during game interaction, and was distinguished by
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third-person (e.g., a non-camera view such as a puzzle game), over the shoulder (e.g., a view that
follows the avatar as it moves through the game space), and first-person (e.g., the game
environment viewed through the avatar’s eyes.) Story relevance pertained to how the storyline
aligned with the learning topic. The parameters in this category were distinguished by no story,
irrelevant story, and relevant story. Finally, story depth referred to how extensive the storyline is
within the game, ranging from thin depth (e.g., limited to scenery), medium depth (e.g., a storyline
that progresses throughout the game), and thick depth (a comprehensive plotline that evolves
throughout game play).
The results from the moderator analysis (Clark et al., 2016) comparing posttest mean effect
sizes for digital games and nongame conditions indicated that schematic games produced larger
effect sizes (g = 0.48, 95% CI [0.13, 0.82] ) compared to realistic (g = -0.01, 95% CI [-0.34, 0.32] )
and cartoon games (g = 0.32, 95% CI [0.13, 0.50] ). In the anthropomorphism category, high level
yielded the highest effect size (g = 0.55, 95% CI [-0.58, 1.69] ) compared to low/none (g = 0.37, 95%
CI [0.19, 0.56] ) and medium (g = 0.04, 95% CI [-0.26, 0.33] Irrelevant stories had the highest effect
size (g = 0.63, 95% CI [0.33, 0.94] ) compared to none (g = 0.44, 95% CI [0.16, 0.71] ) and relevant
(g = 0.17, 95% CI [-0.03, 0.37] ).
Parallel findings from Wouters et al. (2013) and Clark et al. (2016), indicate that realistic and
cartoon games were less effective than schematic games, and games with little or no narrative
seemed to be more effective than those with a richer narrative. Clark et al. (2016, p. 112) suggests
that “…rich narratives and visual complexity distract students from the intended learning content or
provide alternative goals within the game that do not support improvement on the assessed outcome
measures.” Wouters et al. (2013) concluded that serious game designers should concentrate more
on developing the learning content instead of issues related to visual design. The following
explanation is provided (p. 251):
Designers of serious games have neither the money nor the time to create computer games
that can match commercial computer games in level of realism. It is sometimes argued that
players have expectations about the design of serious games that are based on their
experience with commercial computer games. In that case, it is not unlikely that they will
become disappointed, which may be reflected in less motivation and learning.
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While it is true that educational institutions usually do not have resources for investing in
game graphics that are comparable to commercial gaming companies (Nichols & Twindale, 2003),
several issues emerged from the Wouters et al. (2013) and Clark et al. (2016) results that seem
ambiguous and possibly misleading.
In regard to the Wouters et al. (2013) meta analysis, many of the game studies noted as
having realistic visual realism are also coded as passive instruction, with several instances of
negative effect sizes. Since student interaction is limited in a passive instructional format, the games
under this category may be at a disadvantage over active formats. Second, range of publication
years spanned all the way to the early 1990’s until the early 2010’s, which represents a large span of
time in technology changes. It seems unfair to compare studies that were done at times when
computing capabilities varied so much. Third, the visual realism categories are limited, especially
between cartoon and realistic. Many variations of line weight, shadows, proportions, perspective,
and shape can occur between the spectrum of cartoon and photorealistic. Fourth, several studies in
the collection included conference proceedings and an unpublished Master’s thesis, which may be of
low quality. Finally, Clark and colleagues (2016) did not provide a breakdown of the characteristics
of each study’s game interventions, nor a full list of all the studies used in the meta-analysis and
systematic literature review. These open up ambiguity about the results and expose the need for
more research for the effect of aesthetics in game-based learning experiments.
On an optimistic note, other scholars are pushing for the need of research in this area. Tay
(2015) recently mentioned that aesthetics are a dimension of instructional design that is getting
minimal momentum in research growth, especially for projects involving K-12 education. According
to Tay (2015, p. 16), “More vigorous discussion on the topic of interactivity aesthetics is needed.
This would benefit not just instructional design, but the fields of video game design, interactive art
and even product design, wherever interactivity aesthetics plays a significant role.” Tay (2015)
continues:
Research on interactivity aesthetics in instructional design within primary and secondary
education can make a difference here—by providing educators and decision-makers with a
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better understanding of how aesthetics can be used to positively affect learning experiences
and emotional engagement (p.17).
While scholars have valued aesthetics as a catalyst for creating emotionally charged
experiences that elicit motivation and engagement (Parrish, 2009; Schell, 2016; Tay, 2015), other
researchers downplay its importance and disencourage educators from investing resources in it
(Clark et al., 2016; Wouters et al., 2013). These opposing views invite more investigation in this
realm of game-based learning.
Statement of the Problem
The problem addressed is that aesthetics research in game-based learning projects is being
overshadowed by contradictory viewpoints, ambiguous research findings, and encouragement to
favor practicality over visual appeal. On one side, aesthetics is regarded as crucial game element
(Schell, 2015) and vital for establishing a positive learning experience (Parrish, 2009; Tay, 2015).
Yet on the other side, it has been suggested that aesthetics are not worth the investment in a gamebased learning project (Clark et al., 2016; Tay, 2015; Wouters et al., 2013).
More research needs to be conducted to explore how aesthetics influence the learning and
motivational outcomes in game-based learning studies. The purpose of this dissertation research
was to address this gap in the literature by conducting: 1) a systematic literature review of recent
game-based learning studies on STEM topics and 2) an experimental study that examines how the
visual style of a science inquiry game affects student perception of game components, motivation,
and performance.
Significance of the Research
Both the systematic literature review and the experimental study have several attributes that
make them significant. First, the systematic literature review employed a systematic synthesis of the
types of games, subject matter being taught, variables being investigated, and aesthetic factors of
current educational games studies. It aimed to identify contemporary gaps in the literature and
determine patterns between the research and design aspects of these studies. The findings can
draw attention to areas that need to be further examined in future educational game studies.
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The experimental study compared two versions of the same game using the visual style as
the independent variable. The visual styles investigated are unique from previous studies: one is a
cartoon graphics style while the other is a blend of realistic and cartoon characteristics. Findings
from this study are intended to inspire other game designers in considering a wider variety of
illustrative styles for game graphics.
The experimental study involved a revised version of Keller’s (2010) Instructional Materials
Motivation Survey (IMMS) (Cronbach alpha = .923). This previously validated measurement tool has
been adapted (for this study) to be better suited for a game-based learning context. The items of this
instrument also consider Schell’s (2015) game elements to make inferences for how participants feel
about parts of a game. By associating each item in the survey with the game and motivational
components, game developers and researchers can be inspired to explore patterns and
relationships between these concepts.
Finally, the two articles intend to bring attention to the importance of aesthetics in gamebased learning research and provide findings that support how it influences student perception,
motivation, and performance. Through a combination of research methods, the researcher aims to
create a holistic representation of aesthetics in the game-based learning context.
Theoretical Foundations
While games can be a fun, motivating, and engaging strategy for students, it is imperative for
the games to be based in sound theoretical frameworks in order to provide a meaningful learning
experience (Rooney, 2012). This is a challenging task for designers because they must seamlessly
blend the academic content and learning outcomes with the mechanics of the game (Qian & Clark,
2016). This section will discuss several theoretical foundations that explain how interest and
motivation can be elicited through game contexts, and how they can facilitate the learning
experience.
Situated Cognition
The theory of situated cognition posits that learning is prompted from engagement in
authentic activities within the context of the subject (Lave & Wenger, 1990). Evidence produced from
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research on digital games and simulations supports that the authentic scenarios presented in the
game environments are delivering the practical and motivational learning activities promoted by the
Next Generation Science Standards (NGSS) (Boyle, Connelly, & Hainey, 2011; Martinez-Garza,
Clark, & Nelson, 2013). For example, the narrative format of games can emulate real world science
contexts by having learners make connections with characters and complete goals through a series
of tasks (Whitton, 2014), and interest in science learning can be triggered through constructive and
content-specific feedback (Schraw & Lehman, 2001).
Situational Interest
Situational interest pertains to the motivational response a student has while learning new
material (Rotgans & Schmidt, 2014) and is triggered by the effects or features within a setting
(Dousay, 2016; Hidi and Baird 1986). This theory is elucidated by two hypotheses: knowledgedeprivation and trigger-maintenance (Durik & Harakiewicz, 2007; Hidi & Baird, 1986). Regarding the
knowledge-deficit hypothesis, the learner’s lack of knowledge fuels situational interest. This is
because the learner’s self-realization of the knowledge shortfall motivates the learner to keep
reviewing the material until the gap of knowledge is closed. The trigger-maintenance is prompted by
the sequence of events in the learning context and must be maintained by presenting material that
has personal significance to the learner. Knowledge acquisition is aided as situational interest is
maintained throughout the learning experience (Ainley, 2006).
Activity Theory
Activity theory is a theoretical framework originating from the work of Vygotsky and has been
integrated in the design of educational systems, computer games, and virtual learning environments
(Jelfs & Whitelock, 2001; Jenlink, 2001; Oliver & Pelletier, 2004). This framework provides an
understanding of how context and tools influence human activity, and involves six components:
community, subject, mediating artefact, roles, rules, and object-outcome (Dormann, 2006;
Engestrom, 2001).
The subject refers to the person participating in the intervention (Dormann, 2006). The
mediating artefact represents the tools used to achieve the object-outcome (the goals of the

8

intervention). Rules pertain to the constraints of the system and roles stand for the division of labor
among the community (the setting and the other people concerned with the activities of the context).
This framework helps designers organize the various game components so that they logically work
together to fulfill the objectives of the project.
ARCS Model
The ARCS model categorizes the motivational aspects of instruction into four components:
attention, relevance, confidence, and satisfaction (Keller, 2017). Attention refers to the learner’s
curiosity level and is influenced by the presentation of interesting graphics, a sense of mystery,
problem solving, and other techniques that stimulate a sense of inquiry in the learner. Relevance
applies to how the learning content coincides with the learner’s goals, instructional preferences, and
prior knowledge. This component is influenced by the learner’s level of intrinsic motivation.
Confidence pertains to the learner’s positive expectancies, experiences, and attributions of success.
This feeling of success is credited to learner’s own effort and capacity instead of chance or the
difficulty of the task. Satisfaction refers to the learner having positive feelings of accomplishment
relevant to the learning experience. There needs to be an understanding that the student has been
treated fairly and the workload was appropriate. As a whole, these motivational components trigger
the learner’s attention to the game, establish a personal relevance of the material to the learner, fuel
the learner’s self-efficacy (confidence), and promote positive feelings of accomplishment
(satisfaction) (Nadonly Alaswad, Culver, & Wang, 2017).
Purpose and Research Objectives
The articles will serve different, but related purposes. The systematic literature review for
article one synthesized empirical studies on digital game-based STEM learning in the last 10 years,
focusing on identifying the patterns of potential relationships of game characteristics, visual design
attributes, and research designs on student cognitive and affective outcomes.
The experimental study for article two provided a specific example of using visual style as an
independent variable in a game-based learning intervention. The purpose was to examine the
effects of two different visual styles of a science inquiry games on middle school students’
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perception of their game playing experience and game performance. The experiment compared two
versions of the same game: one with a cartoon style and the other with a more realistic graphics
style. The researcher also used a customized version of the IMMS (Cronbach alpha = .923) (Keller,
2010) that is adapted for a game-based learning context. Table 1.1 shows an overview of the two
articles’ contents.
Table 1.1. Overview of Article Contents
Article

Description

Literature Review

Working title: A Systematic Literature Review of Empirical Studies
on Digital STEM Learning Games: Visual Styles, Pedagogy, and
Student Outcomes
Objective Synthesize empirical studies on digital game-based STEM
learning in the last 10 years, focusing on identifying the patterns
of potential relationships of game characteristics, visual design
attributes, and research designs on student cognitive and
affective outcomes.
Method Systematic Literature Review

Possible Target Journals Journal of Research on Technology in Education, Computers in
Human Behavior
Experimental study

Working title: The Effect of Aesthetics on Perception and
Performance in a Middle School Science Game
Objective Study the effect of aesthetics on student perception, performance
and knowledge gain in a science game
Method Quasi-experimental Study

Possible Target Journals Computers & Education, Educational Technology Research and
Development, Teaching and Teacher Education

Definition of terms
1. Aesthetics – A person’s immediate and subjective emotional response prompted by an
object’s visual and sensorial attributes (Seo, Lee, & Chung, 2016).
2. Game-based learning (GBL) – A learning environment hosted through a gaming platform.
The content and activities presented in this setting are intended to positively impact
knowledge gain and skills acquisition. Learners can attain a sense of achievement while
engaging in challenges and problem-solving tasks (Qian & Clark, 2016, p. 51).
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3. User experience – The entirety of a user’s physical and psychological response before,
during, and after engagement with a product (ISO, 2010).
4. Graphics style (Clark et al., 2016; Engestrom, 2001; Wouters et al., 2013)
a. Abstract - This style is not intended to represent real-life people, places, or things. It
is mainly comprised of text and other unrealistic shapes. This style is also referred to
as schematic.
b. Cartoon - Also referred to as iconic, this style represents people, places, and things
in an unrealistic format. Forms are usually surrounded by a thick stroke, there is flat
or limited dimensionality, low detailing, little or no shadowing, and unrealistic
proportions.
c. Realistic - This style is intended to represent people, places, and things in a realistic
manner. Characters and scenery are formatted in realistic proportions, correct
perspective, and have high levels of detail and shadowing,
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CHAPTER TWO:
A SYSTEMATIC LITERATURE REVIEW OF EMPIRICAL STUDIES ON DIGITAL STEM
LEARNING GAMES: VISUAL STYLES, PEDAGOGY, AND STUDENT OUTCOMES
Abstract
A systematic literature review was conducted on recent digital STEM game-based studies in
order to find patterns in game design and visual style trends and compare them with learning
achievement and motivational outcomes. This study reviewed 44 articles published between 2008
and 2019 and included participants ranging from elementary students to adult learners. Studies were
coded according to game characteristics, visual design attributes, and research methods. Results
indicate that most games were of the role playing game genre, used cognitivism as a theoretical
foundation, and focused on teaching scientific knowledge and concepts. The study comparison for
all articles fell into one of three categories: one game pre-post group, game vs. no game, or game
vs, game variations. Games with cartoon or realistic graphics styles, natural color schemes, and
outdoor settings were the most common visual style attributes. Nearly all games in the article
collection lead to significantly positive learning outcomes, however the games with realistic graphics
showed the most consistency. There appeared to be no patterns between graphics and motivational
outcomes, however it is suggested that student characteristics, collaborative modes, and scaffolding
could have been contributing factors. This study contributes parallel findings to previous studies
(Cheng et al., 2015; Li & Tsai, 2013) in terms of theoretical foundations, learning foci, and game
genres and provides new perspectives in regard to visual realism and learning outcomes (Clark et
al., 2015; Wouters et al., 2013). More research should be conducted to investigate the effects of
game aesthetics on learning achievement and motivational outcomes.
Keywords: Games, Human-computer interface, Media in education, Pedagogical issues,
Teaching/learning strategies
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Game-based learning is a popular teaching strategy that can create a fun learning
experience for a wide range of domains and grade levels (Gee, 2005; Hainey, Connolly, Boyle,
Wilson, & Razak, 2016; Qian & Clark, 2016;). This instructional method gives learners opportunities
to acquire knowledge and skills by engaging in challenging game activities (Qian & Clark, 2016) and
instigates emotional charges that facilitate contemplation, enlightenment, and problem solving (Gee,
2005).
A quality about games that differs from conventional methods in school is that failure in a
game context is inevitable, but safe (Gee, 2005). Players can reflect on their previous mistakes, start
over again, and give another try for success. This safe environment for failure is a good fit for K-12
science classroom learning because there is a need for students to partake in authentic scientific
practices (NRC, 2007, 2012). Since traditional classroom methods cannot always mimic real-life field
activities, game interventions can immerse students in meaningful scientific practices without being
inhibited by safety and practicality issues (Ameerbakhsh, Maharaj, Hussain, & McAdam, 2019; NRC,
2007, 2012, 2013).
A key ingredient needed for setting up optimal conditions for learning is aesthetics (Parrish,
2009), which represent all the sensory qualities of a game (Schell, 2015). When game players are in
a state of deep engagement, feel a sense of anticipation, and have the will to continue until
completion, they are having an aesthetic experience (Parrish, 2009). While aesthetics are an
important part of game design, there is apparently a lack of systematic evidence about how design
features can induce emotions in game-based learning environments (Plass, 2019). Plass (2019, p.
3) states:
The systematic study of the effect of emotion on learning would be benefitted by more
experimental studies in which different variants of the game elicit different emotions. We
believe that for experimental design purposes and for learning environment design purposes,
a deeper understanding of the antecedents of emotions is useful. This is especially the case
in the context of digital games, where many game features induce emotions by design.
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The study of aesthetics is apparently lacking within the overall field of instructional design
(Tay 2015) and should gain momentum in order to help educators and policy makers understand
how emotional engagement can create positive learning experiences.
This research attempts to address this concern by conducting a systematic literature review of
studies published within the last decade. Since science topics have been noted as an area in need
of engaging learning activities (NRC, 2007, 2012), the search attempts focused on STEM related
game-based learning interventions. Trends in game design and visual attributes were coded and
analyzed to see if there are any patterns of relationships between learning and motivational
outcomes. The following research questions guided this systematic literature review:
1. What are the design characteristics of digital STEM learning games studied in the last 10
years?
2. What are the visual style characteristics incorporated in the digital STEM learning games in
the last 10 years?
3. Are there any patterns of relationships between game graphic styles and student learning
achievement outcomes?
4. Are there any patterns of relationships between game graphics styles and student
motivational outcomes?
Prior Systematic Literature Reviews
Several recent literature reviews have searched for trends in STEM game-based learning
interventions. Cheng et al. (2015) synthesized 53 studies published between 2002 and 2013 to
discover trends in game features, pedagogical concerns, and methodologies used in science
education. The game features category included the design, development, playing format, and
learning goals of the games. Pedagogical concerns examined the subject matter, theoretical
foundations, and instructional strategies. The methodological concerns classified aspects of the
research design. Some of the major findings show that the most popular type of game was
adventure/role playing, interdisciplinary learning was involved in many studies, and there was a lack
of explicitly stated theoretical backgrounds. They also observed that quantitative studies were the
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most popular and that the majority of studies were concerned with investigating cognitive outcome
effectiveness.
Wouters et al. (2013) conducted a meta-analysis on 39 studies published between 1990 and
2012 in order to find out if educational games were more effective than traditional classroom
methods in terms of learning and motivational outcomes. The inclusion criteria were open to a wide
range of instructional topics, however the majority applied to biology, engineering, language, and
mathematics. Levels of realism, narrative, and learning arrangement of the comparison group were
features included in the coding and analyses. The level of realism category described the graphical
format of the game and classified the presentation as schematic (mostly textual), cartoon (cartoonlife) and realistic (photorealistic). The presence or absence of a storyline within the game was
indicated as the criteria in the narrative category. The level of instructional engagement was
reflected in the learning arrangement of comparison group as active (e.g., the game prompts
interaction from the player), passive (e.g., the player listens or reads), and mixed (a combination of
active and passive).
The findings indicated that games with schematic realism were significantly more effective
than cartoon and realistic, games without a narrative element were significantly more effective than
those without a storyline, and that games with passive instructional format yielded significantly lower
effect sizes than those with active or mixed instruction. It was also concluded that the game
interventions were not more motivating than traditional classroom methods (d=.26), however a
comparison of the graphic realism with motivational outcomes was not provided.
Inspired by the efforts of Wouters et al. (2013), Clark et al. (2015) conducted a similar metaanalysis of 69 studies published between January 2000 and September 2012. This study utilized a
more detailed approach for coding the visual game attributes: visual realism, anthropomorphism,
camera perspective, story relevance, and story depth. The same three categories fell under visual
realism, but the definitions were clearer: schematic (simple graphical elements or text-based),
cartoon (unrealistic looking characters in a two-dimensional format), and realistic (figures with
realistic shading and form within a three-dimensional or photographic format). Anthropomorphism
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classified the human-like features or movements as low, medium, or high. The player’s viewpoint
(camera perspective) during game interaction was indicated as third person (a flat, non-camera
view), over the shoulder (following the avatar through the game space), and first-person (seeing the
game space through the avatar’s eyes). This meta-analysis also integrated a more detailed
approach for coding the narrative elements of the games with story relevance and story depth. Story
relevance described three ways for how the narrative applied to the learning topics: no story,
irrelevant story, and relevant story. Story depth classified the extent of the narrative within the game
as thin (scenery details), medium (a story that follows the game’s progress), and thick (a complex
plot line that develops through game play).
The findings indicated that in the visual attribute categories, schematic visual realism, high
anthropomorphism, and third-person camera view yielded the largest effect sizes. For the narrative
attributes, irrelevant stories and thin story depth were the most effective. In regard to motivational
outcomes (intrapersonal learning outcomes), there was a significant but small effect favoring games
over the comparisons (g = 0.35, 95% CI [0.06, 0.65], τ2 = 0.20). Categories of visual game attributes
were not compared with the motivational outcomes.
Wouters et al. (2013) and Clark et al. (2015) found parallel results in regard to game
aesthetics: games with schematic visual realism and little to no narrative are the most effective for
learning. It was also suggested that educational game designers should focus their efforts on
learning content development instead of visual design issues (Wouters et al., 2013). However, there
are some issues about these studies that might portray game aesthetics in an unfair manner.
First, in the Wouters et al. (2013) synthesis, a large number of games noted as having
realistic graphics were also given the passive instruction classification. Students exposed to the
passive games might have been boring compared to other games with more action. Second, the
dates of publication for the articles in this collection ranged as early 1992 to the early 2010’s.
Computer graphics and game capabilities changed profoundly within this time period, so it is unfair
to cluster them all in the same group for comparison. Third, not all the studies in this collection were
peer-reviewed journal articles, which allows the possibility for low quality data.
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Finally, a full list of articles in the collection was not provided in Clark et al. (2015).
A similar drawback for both Wouters et al. (2013) and Clark et al. (2015) is the limited way in
which visual realism was coded. There are many variations of line weight, proportions, perspective,
shadowing, and shape that can exist between schematic, cartoon, and realistic (Williams, 2010).
Restricting this category to only three options limits possibilities for analysis. In regard to motivational
outcomes, Wouters et al. (2013) did not find a significant difference between games and their
comparison groups (d=.26) and Clark et al. (2013) found a significant and small difference (g = 0.35,
95% CI [0.06, 0.65], τ2 = 0.20) favoring the games over comparisons groups. Neither study made a
direct comparison of the games’ visual style attributes and motivational outcomes. Since aesthetics
and affect influence the learning and game playing experience (Parrish, 2009; Schell, 2015), these
comparisons would have been an interesting area to examine.
Problem, Purpose, and Significance of the Study
The problem being addressed in this study is that there is a need for systematic evidence of
how aesthetic game properties and emotion influence student outcomes (Plass, 2019). This data
can be beneficial for educators and policy makers in order for them to get a better understanding of
how game design can instigate emotional engagement, and therefore, positive learning
environments (Plass, 2019; Tay, 2015).
Similar to the endeavor of Cheng et al. (2015), the current synthesis employs a systematic
literature review approach to search for design and theoretical trends in recent STEM game-based
learning studies. To continue with the efforts of Wouters et al. (2013) and Clark et al. (2015), the
games were coded with an expanded version of the visual realism category, as well as different
aspects of the game aesthetics.
The purpose of this systematic literature review was to look for patterns in relationships
among the game design and visual aspects with learning and motivational outcomes. The themes of
the findings will be compared to previous research to discover consistencies and variations to offer
new perspectives. This study will be significant in that it will offer more ways to categorize visual
game attributes and that they will be compared to motivational outcomes.
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Methods
Literature Search Strategies
The online library database at the University of South Florida, which contain major
educational databases such as ERIC, AccessScience, and SAGE, served as the primary search
tool. Other databases used in the search process were Science Direct and Google Scholar. Search
terms included “game-based learning” or “serious game” AND “science” or “STEM”. All attempts
applied filters for full text, peer-reviewed, and research articles.
The search attempts initially casted a wide net of records (n=50,909) that aligned with the
search terms. The titles of these results were first skimmed for relevance, then if the titles looked
pertinent, the actual articles were retrieved and skimmed for potential inclusion. Due to the large
volume of results for each search attempt, this title skimming process was conducted for the first 810 pages of search results, then when the relevance of the articles greatly declined in the later
pages, a new search attempt was conducted.
In order to examine the visual properties of the games, it was obligatory for each article to
contain a screenshot of the game interface. In case of missing or poor quality screenshots, details
such as websites or game authorship were used to find better visual representations of the game
interface. A total of 103 full text articles were reviewed, however 59 ended up being excluded due to
the methodology, the game subject matter, and other experimental conditions that did not apply to
the inclusion criteria.
Inclusion/Exclusion Criteria
Each study included in this review had to meet all the following inclusion criteria:
1. The study had to be published in peer reviewed journals between 2008 and 2019.
2. The games used in the studies had to be in digital format and based on a STEM subject.
3. A screenshot had to be included for analyzing visual attributes. Details about the game such
as websites and authorship were considered in case of missing or poor quality screenshots.
4. All grade levels were included.
5. Both one group research design and experimental comparison designs were included.
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6. The study had to include quantitative data on learning achievement and/or motivation.
Articles were excluded if they focused only on the game development process or if the
participants created their own games. After applying the inclusion and exclusion criteria, a total of 44
studies were included in this review.
Coding Strategies
Each study was coded on three main categories: game characteristics, visual design traits,
and research design methods. The features coded within each of the three main categories are
listed in Table 2.1 and described in the following sections.
Table 2.1. Categories and subcategories for coding strategies
Game Characteristics

Visual design
attributes

Research methods

Developer type
STEM topic
Grade level
Game genre
Game interactivity
Play environment
Theoretical frameworks

Color scheme
Dimension
Graphics style
Game setting

Sample size
Research design
Study comparisons
Duration of
intervention
Outcome measures
Learning focus
Learning achievement
Motivational outcomes

Game characteristics. This category provides details for the learning topics, target audience,
game structure, and other aspects of game development.
•

Developer type - Indicates who created the game: the researcher, a private company, or a
collaborative effort between researcher and company.

•

STEM topic - Specifies the learning topic of the game.

•

Grade level – Indicates the grade level of the participants.

•

Game genre – A classification of the game format based on how the player interacts with the
game (e.g., Arcade, Drill and Practice, Driving, Puzzle, Role Playing, Scenario-based,
Simulation, Strategy, etc.)

•

Game interactivity - Attributes a classification for the involvement of the player’s interaction
within the game environment. This category was inspired from the “learning arrangement of
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the comparison groups” from Wouters et al. (2013) and offers science inquiry as a new
option.
1.Passive (e.g., reading, listening to lectures),
2.Active (e.g., navigating through the system, gathering objects, solving math problems etc.),
or
3.Science inquiry (e.g., engaging in science inquiry practices such as developing
hypotheses, gathering and analyzing data, evaluating results, etc.)
•

Play environment - Indicates individual or collaborative play (e.g., individual, pair, group).

•

Theoretical frameworks - Indicates theoretical frameworks supporting the study or game
development process. This category was inspired by the theoretical foundations used by Li
and Tsai (2013) in their systematic literature review, which included four main categories of
cognitivism, constructivism socio-cultural perspective, and enactivism. They found
cognitivism and constructivism to be the most popular, while enactivism and socio-cultural
perspectives were emerging theories. To better describe the studies in this collection, the
theoretical framework categories were revised to exclude enactivism and add scaffolding,
motivation, narrative-centered learning, and behaviorism. The coding scheme is as follows:
0. Cognitivism (Cognitive theory of multimedia learning)
1. Constructivism (Transformational play, Problem- based learning)
2. Socio-cultural perspective (Activity theory, collaborative learning)
3. Scaffolding
4. Motivation (Interest for learning)
5. Narrative centered learning
6. Behavioral (Class learning objectives, behaviorism)
Visual design attributes. This category provides criteria for describing and detailing the

visual presentation of the game graphics: color scheme, dimension, graphics style, and game
setting.
●

Color scheme – Classifies the recurrent colors present in the scenery. Options include:
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●

•

Cool (blue, green, and purple),

•

Warm (red, orange, and yellow),

•

Natural (browns and greens),

•

Metallic (gray and black with metallic finish),

•

Pastel (soft colors with a washed-out appearance),

•

Achromatic (no colors, only black, white, and grey),

•

Primary (red, blue, yellow),
•

All (representation of all colors in the color spectrum), and

•

Other (a combination that does not fit the above options).

Dimension – Indicates a two or three dimensional format. Two dimensional is flat while three
dimensional gives the illusion of depth and realistic perspective.

●

Graphics style - Describes the visual style of the graphic forms based on line weight, level of
detail, shadows, perspective, proportions, and realism. The following categories are inspired
from the graphical styles described by Egenfeldt-Nielsen, Smith, and Tosca (2016, pp. 141-144)
and McLaughlin et al. (2010).
•

Abstract – Forms and shapes that do not represent real-life objects or people. This style
was referred to as “schematic” by Wouters et al. (2013) and Clark et al. (2015), however the
researcher chose to use the term “abstract” because it has a more artistic undertone
compared to the more technical meaning for schematic (Merriam-Webster, n.d-a; n.d.-b).

•

Cartoon – A caricature style of drawing; prominent outlines, flat appearance, exaggerated
features, low details, and unrealistic proportions and perspective.

•

Realistic – A style intended to represent realistic objects and people; correct proportions and
perspective, high details, and shadowing.

•

Illustrative – A style that is in-between cartoon and realistic. It contains more detail than
cartoon and an effort is made to create realistic proportions and perspective. However the
artistic details are not exhaustive enough to be considered realistic.
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•

Mix – a circumstance where different graphics styles are juxtaposed in the same scene, or if
the game varies the graphics style according to scene.

●

Game Setting – Classifies the physical environment in which the game takes place (e.g., fairy

tale, space, farm, historical, marine, etc.).
Research design methods. This category provides classifications for describing the
research design, outcome measures, and analysis strategies.
●

Sample size - The number of participants included in the studies.

●

Research design – Defines the experimental design of the study (e.g., Randomized
Experimental and cartoon-comparison (RECC), Quasi-experimental and control-comparison
(QECC), One-Group Pre and Post (OGPP), etc.)

●

Study comparisons – specifies the format for how the game fit into the control and
experimental conditions. Options include:
1.

One group playing the same game,

2.

Game vs. non-game comparison, or

3.

Game vs. variations of the same game.

●

Duration of intervention – Described the time frame of the game intervention.

●

Outcome measures - Lists the instruments used in the methodology such as pre and

posttests, surveys, game log data, etc.
●

Learning focus - This criteria is borrowed from the learning foci categories in Li and Tsai’s

(2013) study and is used to classify the learning outcomes being investigated in the study. The
learning category focus followed this coding scheme:
1. Scientific knowledge/ concept
2. Scientific processes
3. Problem-solving
4. Affect
5. Engagement
6. Socio-contextual learning
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●

Learning Achievement – Student learning achievement outcomes were extracted based on

whether the game intervention had significantly positive (+), negative (-), or no (0) significant effect
on student achievement, or the results are mixed
●

Motivational Outcomes – Student motivational outcomes were extracted based on whether

the game intervention had significantly positive (+), negative (-), or no (0) significant effect on student
motivation, or the results are mixed.
The intent of this coding strategy was to identify patterns and potential relationships
among the various study attributes, discover gaps in the literature, and recommend directions for
future research and practice. The article collection was iteratively reviewed to ensure accurate
coding of the categories.
Results
A total of 44 studies met the criteria for this systematic literature review. A total of
approximately 9645 participants were included among the studies and game interventions lasted
between one day and up to six months.
Table 2.2 shows a summary of the dates of publication and research designs used in the
experiments. Most studies throughout the years used the Quasi-Experimental and controlcomparison (QECC), Randomized Experimental and Control-comparison (RECC) and One Group
Pre and Posttest (OGPP) designs. One pretest/post-test control group design (PPGD) appeared
within the older publications while Non-equivalent control group (NECC) and One Group Posttest
(OGP) showed in the more recent publication dates.
Table 2.2. Years published and research design
YEAR

NECC

OGP

OGPP

PPGD

2008
2009

QECC
1

2

2

2010
2011

RECC

2
3

1

2012

1

1

2

1

2013

1

6

2014

3

2

2015

1
2
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Table 2.2 (Continued)
2016

1

1

2

2017

2

2

2018

1

2

2019

2

Table 2.3 presents the study locations matched with the grade levels of the participants.
Most studies occurred in North America and Asia and focused on middle school level learners. On
average, all study locations targeted younger students between elementary and middle school
grades.
Table 2.3. Grade levels and Study Locations

ELE
MID
MID, HSC
HSC
HSC, UGRAD
UGRAD
UGRAD, PGRAD
NONSTU

Europe
4
1

Asia
5
10

1

1

1

North
America
5
5
1
4
1
1

Multinational

Not
mentioned

1

1

1
1

Research question 1: What are the design characteristics of digital STEM learning games
studied in the last 10 years?
Developer type and STEM subjects. Figure 2.1 shows the instances of developer type
aligned with the STEM subject covered in the games. Almost all the games in the article collection
were developed by researchers. Physics and Math were the most popular learning topics and
represented the largest variety of game developer types. In general, it seems the less popular
learning topics were crafted by researchers and more popular subjects were targeted by companies
or collaborations between researchers and companies.
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Figure 2.1. Developer Type and STEM subject
Types of games and activity levels. Figure 2.2 shows the game genres matched with
activity levels. The overwhelming majority of the games are clustered in the Role Playing Game
(RPG) genre and have equal occurrences of active and science inquiry levels. The rest of the game
genres are predominantly within the active range. The only game genres to include science inquiry
level activities were role playing, multiplayer, scenario-based, and strategy.

Figure 2.2. Game Genre and Activity level
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Theoretical backgrounds and Learning Foci. Figure 2.3 presents theoretical backgrounds
matched with the instances of learning foci. Due to multiple occurrences of each category, the
results represent the number of times they were mentioned rather than a per article basis.
Cognitivism and constructivism were the most common theoretical backgrounds and facilitated the
greatest variety of learning foci. The scientific knowledge and concepts learning focus category
applied to all theoretical backgrounds.

Figure 2.3. Theoretical background and learning foci combinations
Study Comparisons. In general, the distribution of the three types of study comparisons
were equally distributed within the article collection: one group pretest and posttest, game vs no
game, and game vs game.
Table 2.4 shows a summary of the grade level and study durations of the one game study
group. The 14 studies that applied to this comparison were either researcher-created games or
collaborative efforts between researcher and a company. Experiments with this setup lasted as little
as one hour and as long as one year. The play environments were predominantly individual, and
participant grades spanned from elementary to undergraduate level.
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Table 2.4. Grade level and Study Duration Traits in One Game Group Study Comparison
One Game
Not
group
indicated
ELE
MID
MID,HSC
HSC
HSC,UGRAD
UGRAD
UGRAD, PGRAD
NONSTU

< 1 hour

<1 day

< 1 week
2
2

1

<6
< 1 month months
2
1
1

< 1 year

1
1

1
1

1

Table 2.5 shows a summary of the grade level and study durations of the 16 studies of the
game vs. no game group. Sixteen studies fit in the game vs nongame condition. Several were
indicated as company-developed games, however most were researcher-developed. The smallest
duration of time last one hour while the largest last six months. The individual format dominated the
play environment and participant grade levels ranged from elementary to high school (including one
non-student group).
Table 2.5. Grade level and Study Duration Traits in Game vs. No Game Study Comparison
Game vs. Not
no game
indicated
ELE
MID
MID, HSC
HSC
HSC,
UGRAD
UGRAD
UGRAD, PGRAD
NONSTU

< 1 hour
2
1

<1 day
1
1
1

< 1 week
1

<6
< 1 month months
2
1
1
2
1

< 1 year

1

1

Table 2.6 shows a summary of the grade level and study durations of the one game study
group. The fourteen studies within the game vs. game variation category had the largest portion of
studies that did not disclose the developer, however the majority of the games were researcher
developed. The duration of a few interventions were not indicated, however most lasted as little as
one day or up to six months. Of the three study comparisons, this one had the most occurrences of
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group play environments. The bulk of the participants were at the middle school level, however the
grades ranged from elementary to post graduate.
Table 2.6. Grade level and Study Duration Traits in Game vs. Game Study Comparison
Game vs.
Game

Not
indicated

< 1 hour

ELE
MID

1

1

<1 day

< 1 week

1

1

4

< 1 month

< 6 months

< 1 year

2
1

MID, HSC
HSC

1

HSC,
UGRAD
UGRAD
UGRAD,
PGRAD

1
1

NONSTU
The game vs. game variation category had the widest range of comparison conditions. Five
brackets of comparisons were identified: student characteristics, scaffolding, control, collaboration,
and mechanics. These brackets within the game variation category are described below.
Student Characteristics. Several student characteristics were examined in a few studies.
These include whether students had prior knowledge of the subject under study versus no prior
knowledge (Chen, Wong, & Wang, 2014; Lee & Chen, 2009).
Scaffolding. Games that included variations of feedback, demonstrations, concept maps,
and other scaffolding methods are included in this group. These include expert demonstrations and
free exploration (Ameerbakhsh, Maharaj, Hussain, & McAdam, 2019), concept maps (Hwang, Yang,
& Wang, 2013), worked example variations (Chen, Wong, & Wang, 2014; Kao, Chiang, & Sun,
2017), question prompts (Chen & Law, 2016; Law & Chen, 2016; Lee & Chen, 2009), and feedback
(Huang, Huang, & Wu, 2014).
Control. One study investigated players control of the game environment. In this study,
some players were allowed to control the games settings (Ku, Hou, & Chen, 2016) while the other
group played a fixed version.
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Collaboration. Some studies exclusively examined individual vs. collaborative play (Chen,
Wang, & Yu-Hsuan, 2015; Meluso, Zheng, Spires, & Lester, 2012) and some integrated scaffolding
in their comparisons (Chen, & Law, 2016; Sung, & Hwang, 2013)
Mechanics. Two studies investigated the impact of competitive game mechanics (e.g.,
points, leaderboards, and ranking systems) on learning achievement and motivational outcomes.
This included a ranking board (Chen, Liu, & Shou, 2018) and points with a leaderboard along with a
question scaffolding feature (Hsu, & Wang, 2018).
Research question 2: What are the visual style characteristics incorporated in the digital
STEM learning games in the last 10 years?
Graphics style and Dimension. As shown in figure 2.4, five graphics styles are represented
in the article collection. The cartoon and realistic styles are the most common, while the rest
represent illustrative, abstract and mix of styles. There was an equal distribution of two and three
dimensional game graphics among the collection, however all realistic styles only applied to the
three-dimensional format. All the other graphics styles were represented in both the 2D and 3D
formats.

Figure 2.4. Breakdown of graphics styles
Game settings, graphic styles, and color schemes. Figure 2.5 shows how the graphics
styles applied to the various game settings. Of all the different game settings, the outdoor theme was
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the most popular and represented the most variety of graphics styles. Generally the cartoon,
illustrative, and realistic graphics styles were spread out among the different game settings, but the
cartoon style was the most widely used. The abstract and mixed styles had minimal presence in the
games.

Figure 2.5. Graphics styles and game settings
The overwhelming majority of the games in the studies adapted a natural color scheme
(greens and browns) for the scenery, however both the natural and cool (blues, purples, and greens)
color schemes accommodated the widest variety of graphics styles. The cartoon graphics style was
represented in nearly all color schemes.
Figures 2.6-2.9 depict screenshots of several games showing examples of combinations for
dimensionality, graphics styles, color schemes, and game settings. Figure 2.6 depicts an example of
a 2D format, abstract graphics style, metallic color scheme, and a computer code setting. Figure 2.7
shows a two-dimensional cartoon graphics style with cool colors and an outdoor setting. Figure 2.8
shows an example of the illustrative graphics style in 2D format, natural colors, and a fairytale
setting. Finally, Figure 2.9 depicts a 3D game with natural colors, realistic graphics, and an outdoor
setting.
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Figure 2.6. Hamari, J., Shernoff, D. J., Rowe, E.,
Coller, B., Asbell-Clarke, J., & Edwards, T.
(2016)

Figure 2.7. Lee, & Chen (2009)

Figure 2.8. Fien, Doabler, Nelson, Kosty, Clarke,
& Baker (2016)

Figure 2.9. Lester, Spires, Nietfeld, Minogue,
Mott, & Lobene (2014)

Research question 3: Are there any patterns of relationships between game graphic styles
and student learning achievement outcomes?
Forty-two of the articles in the collection included data on learning effects. Table 2.7 shows a
summary of the learning achievement categories and graphics styles according to the one game pre
and posttest groups (n = 15) and game vs. no game groups study comparisons (n = 14). Overall the
different graphics styles are represented by significantly positive learning outcomes, however it
appears that the realistic category shows more consistently positive effects compared to the others.
The two games of mixed graphics styles both showed positive learning results. No instances of
negative or significantly negative learning effects were present. A few anomalies of no learning
effects were found for the cartoon and illustrative categories.
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Table 2.7. Graphics styles and Learning Achievement in One Game and Game vs. No Game Study
Comparisons
Graphic Style

One Group pre-post

Game vs no
game

Abstract
Cartoon
Illustrative
Realistic
Mix

+(2)
+(2), 0(1)
+(8)
+(2)

+(4), 0(2)
+(3)
+(5)

Note. The + signs indicate significantly positive learning achievement due to the game and 0 indicates no
significant effects. The values in parentheses indicate the instances of applicable studies.

Upon closer review of the studies with no learning effects, other design and visual attributes
(aside from the graphics styles) in these games could have contributed to these results. For
example, the game in Khan, Ahmad,and Malik’s (2017) study combined three different game
settings: a lab scene, a bedroom, and an outdoor scene with a castle. The lab scene offered 15
graphical answer choices for user to click on. These graphics were small and did not have any text
labels. This appears to be a violation of Mayer’s (2011) contiguity principle, which states that
graphics need to be accompanied by relevant text. Perhaps the students had a hard time
distinguishing the items because they were too small and had no text to indicate what they were.
The bedroom scene was full of background details and featured many small drag and drop items
organized in a cluttered manner. The area in which to drop the drag and drop items had a
mismatched perspective compared to the bedroom, which created an awkward juxtaposition in the
scene. The extraneous visual information combined with the odd perspective appears to violation
Mayer’s (2011) coherence principle, which encourages the use of simpler visual features in a
learning context.
Another game with no learning effects (Poulis et al., 2019) had an unusual cartoon style
reminiscent of a mosaic. While this visual strategy looks beautiful, it gives a perplexing look to the
forms making it hard to distinguish shapes. The coherence principle (Mayer, 2011) also applies to
this game in that the unusual nature of the graphics might have made the scenery and other visual
elements distracting and unrecognizable.
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Table 2.8 shows a summary of learning achievement according to the various graphics
styles in the game vs. game variation category (n = 13). In general all graphics styles show positive
effects of game design or implementation variation on learning results, but the cartoon graphics style
is the most popular and consistently positive. There is one instance for no effects under the realistic
category.
Table 2.8. Graphics styles and Learning Achievement in Game vs. Game Study Comparison
Game vs Game
Abstract
Cartoon
Illustrative
Realistic
Mix
Student characteristics
Scaffolding
+(4)
Control
+(1)
Collaboration
+(1)
0(1)
Mechanics
+(1)
Collaboration &
+(1)
+(1)
Scaffold
Mechanics &
+(1)
Scaffold
Student characteristics
+(1)
+(1)
& Scaffold
Note. The + signs indicate significantly positive learning achievement due to the game and 0 indicates no significant
effects. The values in parentheses indicate the instances of applicable studies.

The scaffolding condition shows the largest cluster of positive learning outcomes. One study
that investigated scaffolding (from Hwang, Yang, & Wang, 2013) used an ecology game that
required players to go on various missions to collect data and figure out puzzles. Two game
conditions were set up: one with a built-in concept map and one without. The results indicated a
significant advantage in learning for those exposed to the concept map game version.
An interesting observation about this study comparison was that two studies using the same
game and lead to different results within the individual and collaborative play modes.
They both showed positive results, but the success of individual and collaborative play modes were
different in each one. Chen, Wang, and Yu-Hsuan (2015) used the game Carrot Land to study the
effects of collaboration on learning achievement and motivation. The results indicated that individual
play made higher learning gains compared to collaborative play, but there were no effects on
motivation indicated in the quantitative data. The answers for the interview questions give possible
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hints for the motivational outcomes. Apparently there were personality clashes, frustration with
partner’s ability and speed, and some teams did not want to talk at all.
In regard to the motivational outcomes, Chen, Liu, and Shou (2018) also experienced similar
outcomes in their study in that there was no difference in flow between the groups. They assumed
this indifference due to both groups being immersed in the game for a long period of time and were
able to maintain a strong level of focus.
In another study favoring the collaborative condition, Sung and Hwang (2013) set up three
conditions that combined both collaboration and scaffolding as the independent variables in a natural
science role-playing game. The first control group played the game collaboratively in groups of 3-4
without a repertory grid (the scaffolding feature). The second control group played the game
individually with the repertory grid. Finally, the experimental group played the game collaboratively in
groups of 3-4 students with the repertory grid. The results indicated that the experimental group
performed significantly better in terms of learning achievement than the two control groups. There
were no significant learning differences among the two control groups.
Chen, Wong, and Wang (2014) demonstrated an example of scaffold & student
characteristics study. They examined the effect of student low and high prior knowledge on learning
achievement and motivation in a role-playing chemistry game. Results revealed that higher levels of
prior knowledge have a positive effect on motivation and learning performance.
Research question 4: Are there any patterns of relationships between game graphics styles
and student motivational outcomes?
Thirty-one articles within the collection studied motivational outcomes. Table 2.9 shows a
summary of the graphics styles and motivational outcomes according to the one group pre-post (n =
11) and game vs. no game study comparisons (n = 10). Most graphics styles featured in the onegroup comparisons showed significantly positive outcomes. Within the game vs. no game
comparison, most styles indicated significantly positive motivational outcomes. However, two of the
five results for realistic showed no effects and one study resulted in negative effects for cartoon.
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Table 2.9. Graphics styles and Motivational Outcomes in One Game and Game vs. No Game Study
Comparisons
Graphic Style

One Group pre-post

Game vs no game

Abstract
Cartoon
Illustrative
Realistic
Mix

+(1)
0(1)
0(1), +(1)
+(5)
+(1)

0(1), +(3)
+(1)
0(2), +(3)

Note. The + signs indicate significantly positive motivational change due to the game and 0 indicates no significant
effects. The values in parentheses indicate the instances of applicable studies.

In reading through the details of the studies showing no motivational changes, it appears that
players started the intervention with opinions about the topic and were not persuaded in changing
their views. For example, Sadler, Romine, Menon, Ferdig, and Annetta (2015) tested a realistic 3D
biology game on high school students. While the game did not contribute to a change in science
career interest in either the traditional or game groups, the interest in science and careers was found
to be positively correlated to students pre and post learning outcomes. Sadler et al. (2015)
concluded that since the students were already interested in science careers to begin with, the game
did not make a difference.
Another study that produced non-significant negative effects was conducted by Poulis and
others (2019) using the Seafarers game on adult non-students. This game was a mix of 2D and 3D
dimension with a cartoon graphics style. Upon review of the post survey, a large portion of
participants felt there was too much dialogue in the game and those who play games regularly were
less likely to like the game.
Table 2.10 show a summary of the motivational outcomes within the facets of the game vs.
game study comparisons (n = 10). Out of the three study comparisons, game vs. game shows the
most instances of no effects or negative effects game design or implementation strategy variations,
with the bulk being in the cartoon category. These mixed results are spread among cartoon,
illustrative, and realistic, however the one abstract shows a positive result.
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Table 2.10. Graphics styles and Motivational Outcomes in Game vs. Game Study Comparison
Abstract
Cartoon
Illustrative
Realistic
Mix
Student characteristics
Scaffolding
+(1), 0(1)
Control
+(1)
Collaboration
0(1)
+(1)
Mechanics
0(1)
Collaboration & Scaffold
-(1)
+(1)
Mechanics & Scaffold
+(1)
Student characteristics
0(1)
& Scaffold
Note. The + signs indicate significantly positive motivational change due to the game, the – sign indicates a
significantly negative motivational change due to the game, and 0 indicates no significant effects. The values in
parentheses indicate the instances of applicable studies.

The sample studies described below shed light on the factors that influenced the negative
and no motivational effects game design or implementation strategy variations noted in Table 11.
Chen, Liu, and Shou (2018) used a 2D physics game in the illustrative style on a group of
middle school students. The competitive and noncompetitive versions of the game did not make an
impact on flow. According to Chen et al., the reason why there was no difference could be that in
both formats, students are immersed in a challenging and complex game environment for long
periods of time. Competitive mode or not, students could focus on the game and experience
uninterrupted flow.
Another example study was conducted by Hwang, Yang, and Wang, (2013) using a 2D
ecology game in the cartoon style. The versions of the game with and without a concept map did not
make an impact on student learning motivation. Hwang et al., believe the reason for no motivational
differences is that both groups had access to the game, which offered a challenging and enjoyable
learning experience.
Chen and Law (2016) used the game Carrot Land to study the effects of scaffolding and
collaboration on learning achievement and motivation. This time it was the collaborative group that
made higher learning performance compared to individual play, but there were negative effects on
motivation. The higher learning performance in the collaborative mode could be due to the students’
opportunity of sharing interpretations and explanations with other people, as peer mentoring is an
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important aspect of learning (Gee, 2003). In regard to the motivational outcomes, the results
indicated that the hard scaffolds negatively impacted autonomy, competence, and interest.
Representing the control subcategory, Ku, Hou, and Chen (2016) prepared two versions of a
math puzzle game for comparison. One version had a flexible system that let students control game
hints, music, and narrative preferences. The other version of the game was fixed and did not allow
any adjustments to the game settings. Students indicated a significant preference for the flexible
version, however usability and learning effectiveness were not significantly different between the
groups.
Pertaining to the mechanics category, Chen, Liu,and Shou (2018) conducted an investigation
on how a competitive game environment affects learning outcomes. One game condition showed a
ranking board that depicted each student’s status compared to the rest of the class, while the other
game version did not show the ranking board. Results indicated that the non-competitive group
made significantly higher learning gains over the competitive group, however no significant
differences in flow experience were found.
Discussion
This systematic literature review was conducted in order to gather design and visual style
characteristics in recent STEM games intervention, as well as look for patterns between graphics
styles and learning and motivational outcomes. A total of 44 studies published between 2008 and
2019 were included. Major findings from the design and visual characteristics, as well as patterns of
relationships between graphics styles and learning and motivational outcomes are discussed in this
section.
Trends in design characteristics
Regarding the trends for the design characteristics, the majority of the game studies were
designed for elementary and middle school students, with Physics, Math, and Biology being the
most popular learning topics. Conventional methods for teaching these types of subjects are typically
perceived as boring and disengaging for younger students (Lin, Hong, & Chen, 2013; Ormsby,

37

Daniel, & Ormsby, 2011), so that could be the reason why the games interventions were more
popular with these grade levels and that they were mostly created by researchers.
The only game genres to represent instances of science inquiry level activities were role
playing, multiplayer, scenario-based, and strategy. These game genres are ideal for teaching
structures because they can immerse the player in authentic contexts, engage in complex situations,
apply their understanding of learning concepts, and offers socialization and collaborative
opportunities (Eck, 2010). These aspects of the game genres are ideal for an educational game
environment because they can facilitate higher level cognitive processes.
Of all the theoretical foundations, cognitivism and constructivism had the highest prevalence
in the collection of the studies reviewed. Cognitivism represented the most popular theoretical
background among the studies and supported a wide variety of learning foci. Games incorporate
cognitive skills such as problem solving (Akcaoglu, 2014), meta cognition, decision making
(Giannakos, 2013), engaging with complex tasks, and automation, so the prevalence of cognitivism
makes sense in the article collection. Constructivism was the second most popular theoretical
background and was the only one to support the scientific processes learning focus. This theory is
helpful in developing the game environment because it supports the efforts for creating hands-on
and realistic experiences (Lou & Moon-Michel, 2018). Of all the learning foci, scientific knowledge
and concepts spanned across all theoretical backgrounds, which is consistent with the findings of Li
and Tsai (2013) and Cheng et al. (2015).
Three types of research designs were employed and equally distributed in the studies
reviewed. In fourteen of the studies, all students played one game and their learning and/or
motivational outcomes were measured via pretest and posttest. The results generally showed
improvements in student achievement and motivation through game-based science learning. About
one third of the studies employed an experimental or quasi-experimental design comparing games
vs no game. The results generally show significantly positive learning achievement and motivational
outcomes. In another third of the studies, researchers focused on examining the effects of two
different variations of the game design features such as the use of scaffolding vs no scaffolding or
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different implementation environments such as students playing games collaboratively or
individually. Studies in this group generally led to positive learning achievement, however the
motivational outcomes varied between positive and no effects. Details in these qualitative data from
these studies reveal that student characteristics, scaffolding, and games mechanics influenced these
outcomes.
Trends in visual attributes
The cartoon and realistic styles were the most popular graphics styles, and 2D and 3D
games were equally represented in the collection of the studies reviewed. One big distinction among
the graphics styles is that realistic was only represented exclusively in the three-dimensional format,
most games with realistic graphics integrated science inquiry level activity, and the game genres
were either role playing games or multiplayer. The cartoon graphics style was used for the most
variety of game settings, mostly incorporated active level game activity, and made the most
appearances in the game vs. game study comparison category. It also showed the only instances of
passive level game activity. The illustrative style was primarily presented in two-dimensional format
and integrated active level game activity. Both cases of abstract graphics used active level game
activity while both cases of mixed graphics style used science inquiry level activities.
Most games incorporated a natural color scheme and placed the game in an outdoor setting.
There were a wide variety of game settings to accommodate the learning topics, but surprisingly
there were no patterns in regard to the grade levels. Other trending patterns among the visual styles
were not noted.
Visual style and learning achievement
Unlike the studies reviewed in Wouters et al. (2013), there were no major differences among
the abstract, cartoon, illustrative, and realistic graphics styles in regard to learning achievement. Out
of the 44 studies, only two games with a cartoon graphics style indicated no learning effects. One
important aspect to consider is that almost all the games in this review integrated active or science
inquiry level interactions. Many of the games noted as passive in nature within Wouters et al.’s
(2013) study showed negative learning effects, and a large portion of those games applied to the
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realistic graphics category. In addition, realistic graphics showed the most consistency for
significantly positive outcomes, especially in the one game pre-post and game vs. no game study
comparisons.
Visual style and motivational outcomes
In general, the results of motivational outcomes were varied across the articles collection.
The majority indicated positive outcomes, however a large portion showed no effects. Closer
examination of these studies showed that factors aside from visual style could have influenced these
outcomes. For example, quarreling in collaborative play (Chen, Wang & Yu-Hsuan, 2015),
scaffolding (Chen, Liu & Shou, 2018) and pre-existing positive student attitudes (Sadler et al., 2015)
were discussed as influential characteristics. Another study revealed that a large portion of
participants were used to playing commercial games and thought there was too much dialogue to
follow in the educational game (Poulis et al., 2019). Since commercial games usually have high
quality and entertainment value, players may start the game intervention with high expectations and
end up displaying low motivation (Wouters et al., 2013).
Limitations and research gaps
Several factors contributed to the limitations of this study. First, three different study
comparison designs emerged from the articles, with relatively small number of studies in each
comparison limiting the extent of analysis and generalizability. In the one group design and game vs
no game design, the results appear consistent on the positive effects of science digital games on
improving student learning. The number of studies on motivation appeared smaller than on learning
achievement. The results make it apparent that more studies of game aesthetics are needed,
especially using experimental designs.
Second, there are drastically uneven representations of coded features including STEM
topics, game genres, graphics styles, game themes, and color schemes. A collection with more
equal representation can better support observations about the patterns of relationships among
these features.
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Recommendations for future studies
The results from this study inspire several ideas for future studies. There remains a large gap
in research for how aesthetic properties in serious games affect learning and motivational outcomes.
Among all of the studies in this collection, none of them considered the aesthetics of the game
interface in their experiments. Since aesthetics are tied with the emotional qualities of games
(Schell, 2015) and are needed for setting up optimal learning experiences (Parrish, 2009), gamebased learning interventions are in need of this area of research.
While previous systematic reviews have considered aesthetic factors (Clark et al., 2015;
Wouters et al., 2013) of games, the descriptions of visual styles are not sufficiently described. This
study offered five visual realism categories to better represent ranges of style. Other researchers
might want to use these classifications or expand into others to cover more specific artistic
differences. In addition, researchers should make direct comparisons between aesthetic properties
and motivational outcomes.
Conclusion
The aim of this systematic literature review was to review STEM game-based learning
studies published within the past decade, find trends in design and visual characteristics, and
discover patterns of relationships between graphics styles and learning and motivational outcomes.
The findings of this study are similar to previous systematic literature reviews in that role-playing
games were the most popular genre being used in game interventions (Cheng et al., 2015),
knowledge construction lead the topics in learning foci, and cognitivism provided the theoretical base
for most of the investigation efforts (Cheng et al., 2015; Li & Tsai, 2013). However, the current study
found more instances of theoretical backgrounds being used as a support for the game
interventions. Unlike the findings from Wouters et al. (2013) and Clark et al. (2015), there appeared
to be no differences in learning achievement due to the graphics styles and the more realistic styles
did not appear less successful than cartoon and abstract. An important difference in the current
study is that almost all games had active or science inquiry level interactions, while many games in
the Wouters et al. (2013) collection were passive in nature. Clark et al. (2015) stated that “game
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designers and education researchers” need “to collaborate on designs to keep game graphics,
environments, and narratives optimally aligned with assessed learning objectives.” The results in
this collection support this view because almost all games in this study integrated higher levels of
player interaction, leading to significantly positive learning outcomes regardless of graphics style.
The findings of this study may generate ideas for educators and game developers for designing
successful game interventions. More experimental studies should be conducted to explore the effect
of graphics styles on learning and motivational outcomes to discover more ways to improve gamebased learning experiences.
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CHAPTER THREE:
THE EFFECT OF AESTHETICS ON PERCEPTION AND PERFORMANCE
IN A MIDDLE SCHOOL SCIENCE GAME
According to sentiments recently expressed by scholars, aesthetics are a component of
instructional learning environments that is in need of research (Plass, 2019; Tay, 2015). This aspect
of instructional design tends to take a back seat to the utilitaian needs of an educational project.
However, aesthetics are the gateway for creating optimal conditions for learning, so researching this
trait can help educators develop positive and effective learning environments. This study addresses
the need for research on aesthetics by comparing two graphics styles in a game-based learning
intervention: one with a cartoon style and the other with a more realistic style. The purpose was to
see if the different graphics styles lead to differences in students’ perception of their game
experiences and game performance. A quasi-experimental mixed methods study was conducted
with 95 middle school students. Data were collected through a modified version of IMMS survey
(Keller, 2010), game performance log data, and a focus group interview. The quantitative results
showed no significant differences between the conditions, but the qualitative data revealed aesthetic
aspects of the game that impacted the participants. For both conditions, students found the tone of
the dialog and the realistic context to make the biggest impression on their game experience. The
students exposed to the cartoon condition favored the expressions on the characters’ faces, and
appreciated the positive looking demeanor of the protagonist. Students exposed to the realistic
condition liked the details and perspective of the scenery. Overall the tone of the dialogue,
expressions on the characters’ faces, and the authentic context encouraged learning motivation.
Keywords: Aesthetics, game-based learning, learning game design, science inquiry, science
learning, middle school
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The interest in digital games for educational interventions has gained momentum within the
past decade due to the possibilities of creating motivating and relevant learning environments for
students (Plass, Homer, MacNamara, Ober, Rose, Pawar, Rose, Maya, Pawar, & Olsen 2019).
Referred to as game-based learning (GBL), participants can acquire knowledge and skills while
engaging in real-world challenges and problem solving activities (Qian & Clark, 2016). Games that
are well designed can instigate emotional reactions within the player, triggering high level cognitive
processing (Gee, 2005). Such affective responses can offer an advantage to science learning,
especially since K-12 students in the United States tend to view traditional methods for science
teaching as boring and disengaging (Lin, Hong, & Chen, 2013; Ormsby, Daniel, & Ormsby, 2011).
One important aspect of creating an engaging game playing experience is the aesthetics,
which serves as the most direct connection between the player and the game (Schell, 2010).
Unfortunately, the study of aesthetics within fields of instructional design is slow to gain momentum
(Tay, 2015). Some recent literature (e.g., Clark et al., 2015; Wouters et al., 2013) has not
encouraged enthusiasm in this subject by downplaying the importance of investing time and
resources for this game attribute.
In an effort to help encourage research interest in game aesthetics, an experimental study
was conducted to explore the effect of different graphics styles on student performance and
perception of motivational experience in a science inquiry game.
Science Learning and Digital Games
The National Research Council (NRC) (2007, 2012) expressed that a key issue with science
classroom learning is the shortage of opportunities for students to engage and explore in scientific
practices. They suggest exposing students to hands-on lab activities and real-life field experiences
within the classrooms in order to facilitate meaningful science learning through scientific practices
(NRC, 2007, 2012, 2013). Such content-integrated science inquiry curricula has demonstrated
stronger student engagement, and therefore, higher learning (NRC, 2007).
A study by Liu, Horton, Olmanson and Toprac (2011) shows an example of how a game
made a positive impact on learning and motivation. This team of researchers studied the effect of a
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space science game on sixth grade students’ motivation, science learning, and the relationship
between motivation and science learning. In the game entitled Alien Rescue, players helped assign
six different aliens to live on appropriate planets by engaging in scientific inquiry activities. They
achieved this by reviewing databases, gathering information through direct observation, and
completing scaffolded challenges. The intervention resulted in significant science knowledge gain
and a significant positive relationship between students’ motivation scores and posttest scores.
Students also reported that they enjoyed the game and felt motivated to play.
Another example of a successful game intervention is demonstrated by Miller, Chang, Wang,
Beier and Klisch (2011). In their study, secondary school students engaged in a series of forensic
science games entitled CSI: The Web Adventures. The purpose of the study was to test the games’
effect on knowledge gain, game usability, and attitudes towards science and science careers. The
games required players to communicate with characters, explore different locations, gather clues,
analyze evidence with tools, and come up with conclusions based on their analyses. The results
indicated significant knowledge gains, as well as a positive relationship between a role playing
experience and science career motivation. The usability ratings of the game were also a strong
predictor of knowledge gains.
In order for a game to facilitate a meaningful learning experience, the design of the game
should be grounded in a relevant theoretical foundation (Rooney, 2012). In addition, the academic
content must be seamlessly blended with the game mechanics in order for the learning outcomes to
be fulfilled through game play (Qian & Clark, 2016). The following section will discuss theoretical
foundations that were used as the basis for the present study.
Situated Cognition and Activity Theory
According to Brown, Collins and Duguid (1989), situated cognition is a state where
knowledge is placed within the context, activity, and culture in which it is being used and developed.
This theory posits that learning comes from engaging in authentic activities relevant to the learning
topic (Lave & Wenger, 1990). This learning strategy is particularly helpful for students in the early
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stages of career development since it is not always possible to be assigned an apprenticeship with
an expert in the field (Squire & Klopfer, 2007).
One of the theories that align with situated cognition is Activity theory. Based on Vygotsky’s
cultural-historical concept of learning, activity theory presents an environment where learning is
experienced as a person interacts with other people, tools, and cultural constructs (Cole &
Engeström, 1993; Kaptelinin & Nardi, 2006; Vygotsky, 1978). This theory is ideal for sorting out how
the tools, activities, and overall interactions work together to promote learning through gameplay.
(Cole & Engeström, 1993; Engeström, 1987). The model includes six components: mediating
artefacts, subject, rules, community, roles, and object-outcome. The mediating artefact refers to the
tools that the subjects (participants) use to achieve the goals of the game (object-outcome)
(Dormann, 2006). Within the context of gameplay, the constraints of the system pertain to the rules,
and the roles portray the division of labor among the characters within the game setting
(community). This framework can help designers establish the relationships among the game
components so that they can work together in fulfilling the learning objectives.
A study by Chee and Tan (2012) provides an example of how situated cognition and activity
theory are implemented in a game environment. In the game Legends of Alkhimia, players are
situated in an underground chemistry lab and take part in a team apprenticeship under the
supervision of a Master Chemist. The students develop their identities as chemists by engaging in
realistic science inquiry tasks such as experimenting with methods for separating chemicals,
weighing options, making decisions, and reflecting on their actions. Activity theory supports the
structure and interactivity within the game environment: The students (subject) work as apprentices
under a Master Chemist (roles) within a chemistry lab (community) and must engage in chemistryrelated science inquiry tasks (rules) while use lab equipment (mediating artefacts) to solve problems
and develop identities as chemists (object-outcome). The chemistry lab game environment
immerses the players in an authentic context, demonstrating situated cognition.

51

Situational Interest
While a student is partaking in a learning activity, a constant level of interest and curiosity
should be maintained. The motivational response that influences the interest and willingness to learn
about a topic is known as situational interest (Rogers & Schmidt, 2014; Schiefele, 1991; Schraw,
Flowerday, & Lehman, 2001). This theory is supported by two hypotheses: knowledge deprivation
and trigger maintenance. The knowledge deprivation hypothesis asserts that the learner’s selfrealization of knowledge deficiency activates situational interest, and therefore drives the learner to
study until the gap in knowledge is filled (Berlyne, 1954). The second hypothesis claims that a series
of continuous events (Durik & Harackiewicz, 2007) within the learning environment help trigger and
maintain situational interest. In order for this to occur, information must be personally relevant to the
learner (Hidi & Baird, 1986), must allow a sense of empowerment to the learner (Mitchell, 1993, and
should be presented in a way that is unpredictable and captivating (Ainley & Patrick, 2006). This
helps ensure that the interest level is maintained so that the learner achieves knowledge acquisition
(Ainley, 2006).
Situational interest is exemplified in a study by Meluso, Zheng, Spires, and Lester (2012).
This research team used the game Crystal Island Uncharted Discovery, which incorporates a
narrative-centered learning approach for organizing the learning activities. This geography game is
set on an island where players explore and interact with characters according to a storyline. Armed
with a helpful multifunctional tablet, players must engage in scientific inquiry practices to solve
different quests. An overarching theme of investigation combined with the novelty of unique
challenges establishes the situational interest in this game.
The ARCS Model
The criteria needed for establishing situational interest are represented through the ARCS
model. The ARCS model is a well-established instructional motivation design theory that
synthesizes concepts of motivation into a systematic design process (Keller, 2008; Keller, 1999b).
Four components make up this model: attention, relevance, confidence, and satisfaction. Attention
pertains to interest and curiosity which is prompted by engaging visual attributes, air of suspense,
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problem solving activities, and other strategies that compel inquiry (Keller 2017). The attention
component is also linked to situational interest (Rogers & Schmidt, 2014; Schiefele, 1991; Schraw,
Flowerday, & Lehman, 2001) in that players maintain engagement in the game through moments of
surprise and other events that build up anticipation. Relevance is influenced by intrinsic motivation
and coincides with how the subject matter applies to the learner’s instructional preferences, prior
knowledge, and personal goals. Confidence applies to the learner’s self-efficacy and expectancy for
successful outcomes.
Finally, satisfaction refers to a positive feeling of accomplishment and an overall sense that
the workload was fair and appropriate. These components come together as a helpful design
strategy: Grab and maintain the learner’s attention, present the content in a way that is relevant to
the learner’s personal needs, help establish a sense of confidence, and end with a positive
impression of the learning experience. This model also draws back to situated cognition and activity
theory in that the learning activities should be relevant to a realistic context and all the environmental
elements need to work together to produce a positive outcome.
Components of a Game
Aside from establishing a strong theoretical foundation, designers must understand the parts
of a game (Schell, 2015) and how to seamlessly merge the learning objectives into the game
mechanics (Qian & Clark, 2016). Schell outlines four basic elements to a game: mechanics, story,
aesthetics, and technology. The mechanics have to do with the goals of the game and how the
player achieves these goals through rules and procedures. The story describes the series of
unfolding events in the game, which can be restricted to a linear format or branch out with alternative
options. The aesthetics represent all sensory qualities of the game and maintain the most direct
relationship between the play and the game playing experience. Finally, technology refers to the
materials and interactions needed to construct the game platform. Schell claims that these four
elements are crucial and share equal importance.
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Aesthetics and learning environments
The focus of this study was on one of the crucial game elements (Schell, 2010): aesthetics.
This game element can be described as a person’s involuntary, subjective, and affective response to
the visual and sensorial attributes of an object (Seo, Lee, & Chung, 2016). Plass et al. (2019)
recently conducted a study on four visual attributes of a game character and how they affect player
perceptions. This four-phased study exposed participants to variations of a character’s color, shape,
facial expression, and dimensionality. The results indicated that the visual attribute with the largest
effect size was the facial expression, followed by color with a medium effect size, and shape with a
small to medium effect size. In addition, three-dimensional shapes prompted stronger emotional
responses compared to two-dimensional. In the concluding remarks of this study, Plass and
colleagues expressed concern for the lack of systematic evidence on how emotions can be induced
by specific design features within educational game environments (2019, p. 3):
The systematic study of the effect of emotion on learning would be benefitted by more
experimental studies in which different variants of the game elicit different emotions. We
believe that for experimental design purposes and for learning environment design purposes,
a deeper understanding of the antecedents of emotions is useful. This is especially the case
in the context of digital games, where many game features induce emotions by design.
Tay (2015) echoes this sentiment for the overall instructional design field. According to Tay,
aesthetics are a research area that is experiencing minimal growth in instructional design,
particularly within K-12 education. More research is encouraged for this topic because it can make a
difference with how educators and decision-makers understand the way aesthetics affect emotional
engagement and the possibility for positive learning experiences.
Purpose of the study
The current study intends to address the lack of aesthetics research in instructional
design, particularly within the game-based learning context (Plass et al., 2019; Tay, 2015). It
provides an example of using aesthetics, specifically graphics styles, as an independent variable
in a study comparison. Finally, the study utilized a version of Keller’s (2010) IMMS that has been
customized to fit a game-based learning context.
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The game used in the study is based on the lesson plan Investigating How Heat Flows
(Colon, 2015), which was prepared by a middle school science teacher as part of a project funded
by a National Science Foundation grant. Set in a 1950’s style diner, the game Follow the Heat
presents thermal energy transfer concepts in a restaurant setting and players must shadow a
waitress as she adjusts food orders to specific temperatures.
The following research questions guided the study:
1. What is the effect of graphics style on middle school students' motivational experience with a
science learning game?
2. What is the effect of graphics style on middle school students' perception on game
components: story, aesthetics, and content?
3. What is the effect of graphics style on middle school students' performance in a science
game?
Method
Participants
The study was conducted at a public middle school in the Southeastern United States during
the winter of 2019. The majority of students at this school are Hispanic (74%) (School
Demographics, 2016). A detailed breakdown of the demographics indicates that 76.9% are
multiracial, 11.1% are Black, 10.1% are White, 1.5% are Asian, 0.4% are American Indian or
Alaskan, and 0.1% Pacific Islander. Male students make up 50.5% of the school population.
Demographic information for the students who partook in the study is not available because the
researcher did not have permission to collect it.
The game intervention took place in one science teacher’s classroom, however her students
were combined with another science teacher’s students for the study effort. A total of 95 male and
female sixth-graders within six regular-level science classes participated in this study.
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Research Design
A mixed-methods quasi-experimental research design was employed in the study. The
experimental and control game versions were alternately assigned to class periods as the school
day progressed to ensure equivalence across the groups. Five items from a middle-school level
thermal energy transfer lesson plan were used as the pretest (see Appendix A). This lesson plan
was constructed through an iterative writing process with the collaboration of middle school science
teachers, subject matter experts, and science professors during a recent grant project. The five
items of the pretest earned a total of five possible points, and the results indicated no significant
differences between the groups (Experimental group n = 48, M = 2.80; Control group n = 47, M =
2.70).
The control condition, which uses the original version of the game, has a cartoon graphics
style: thick stroke lines around the characters, low levels of detail, little or no shadows, flat-looking
dimensionality, and unrealistic character proportions. This version of the game was produced
through a previous grant project and went through several iterations in game development.
Feedback from the last round of testing indicated that the graphics needed to be improved, which
inspired the idea for creating a new graphics style for testing. The newer experimental version has a
more realistic style: reduced strokes lines around the characters, higher level of detail, more
shadowing, enhanced depth within the scenes, and more realistic character proportions. The
activities of both game versions are identical; the cartoon and more realistic graphics styles are the
only difference.
Data were gathered through quantitative and qualitative instruments. Quantitative data
include a perception survey and performance data saved in the game log data. Qualitative data
include open-ended questions in the post survey and a focus group student interview.
Procedure
The study took place over a two-day span and across eight daily class periods. The two
game conditions were alternately assigned by class period: the cartoon groups comprised of periods
1, 3 and 6, and the realistic groups comprised of periods 2, 5, and 8. Game conditions were
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indicated by odd and even numbered user IDs: odd numbers belonged to the cartoon version while
even numbers linked to the realistic version. Students who did not provide a parental permission
form were asked to sit in a separate part of the room. They were allowed to play the game, however
they were given generic login information so that their data would not be mixed with the other
students.
On the first day, the researcher distributed login information for each student and gave
directions for accessing the online game intervention. Students took the pre-test and played the
game for approximately 30 minutes. The researcher also worked with the teacher to select five
students for participation in the focus group scheduled for the following morning.
At the beginning of the second day, the five selected students met with the researcher during
the homeroom period. This session took place at a meeting room in the front office of the school in
the presence of a school representative. The session lasted approximately 20 minutes and was
audio recorded. After the conclusion of the focus group, the game intervention continued in a similar
fashion as the previous day. Students were provided the same login information and played the
game one more time. Afterwards, they were directed to access the post survey using their individual
login information. Each student’s unique login ID allowed the researcher to link the game play data
with the post survey information.
Instruments
Perception survey. Keller’s IMMS (2010) was used to measure the participants’ affective
responses from the game playing experience regarding the four ARCS constructs: attention,
relevance, confidence, and satisfaction (see Appendices B and D). One modification was made to
the language of the questionnaire: all instances of the word “lesson” were replaced with “game”. The
original IMMS uses the word “lesson” as the reference point of the items, so replacing it with the
word “game” made it clearer that the questionnaire was pertaining to the game.
The reliability for IMMS portion of the perception survey resulted in a satisfactory value of
.92. This value is consistent with that of Keller’s (2010) experiment with the same instrument. The
internal consistency alpha values for the ARCS constructs ranged between .65-80, which are
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conventionally considered adequate for human dimensions research (Green, Lissitz & Mulaik, 1977;
Spector, 1992; Vaske, 2008).
The IMMS items were also aligned to three game components: aesthetics, story, and content
(see Appendix E). Aesthetics and story are two of the essential components based on Schell’s
(2015) game theory. The other two game components, mechanics and technology, did not align well
with the items, so these were omitted. Instead, the component of “content” was created to pertain to
the learning material covered in the game. The reliability of these game components was indicated
as follows: Aesthetics (.79), Story (.78) and Content (.78), which are conventionally considered
adequate for human dimensions research (Green et al., 1977; Spector, 1992; Vaske, 2008).
In addition to the 36 multiple choice items in this survey, three open-ended questions items
were added to gather more specific information about the player’s experience. These questions
prompted students to provide more details regarding the parts of the game they liked best, which
parts were most effective in helping them learn, and if they have suggestions for improvement.
Answers were coded according to the qualitative content analysis technique (Drisko & Maschi,
2015).
Game Performance. Student game performance data were gathered in a database as
students played both versions of the game. Each of the four scenes scored points based on three
main activities: choosing the kitchen item for the task, determining the direction of heat flow, and
changing the temperature of the food to the customer’s desired level. Students earned 10 point for
each correct answer on the first try, and reduced points for each additional attempt (e.g., 5 points for
two attempts, 3.33 for three attempts, etc.). In addition to the game performance scoring, each
activity was also scored on a Pathways to Inquiry (PTI) science inquiry skill (Lou & Blanchard, 2015).
The first two tasks in each scene applied to the “Identify Inquiry Questions” (PTI 1.3) skill, while the
last task of figuring out the correct temperature applied to the “Analyze and Describe Data” (PTI 3.2).
The PTI skills each earned 10 points for correct answers on the first attempt, 5 points for the second
attempt, and zero points for any additional tries.
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Data screening was performed on each data set to look for outliers and errors. Within the
soup scene, an error was discovered in one of the activities that prevented players from calculating
the correct temperature. The scoring for this activity was excluded from the analysis. In addition, it
was noticed that not all students completely finished each scene or did not start some scenes.
Because of these instances, only complete sets of data were included in the calculations for total
scene scores. For the three science Inquiry skills (analyze data, ask questions, and total skills) only
data from those students who completed all four scenes were included
Focus Group Interview. In an effort to gather specific information about the game’s
affective impact, several students from both conditions were invited to participate in a focus group.
The intent of this strategy was to ask specific questions about the appearance of the characters and
scenery, enjoyable aspects of the game, and about traits they did and did not like about the game
(see Appendix C). Scenes from both conditions were presented for the students to make
observations about the differences between the graphics styles. Answers were transcribed and
coded through content analysis.
Results
Quantitative Data
Survey Results for Student perception of ARCS. Table 3.1 shows the correlations among
the ARCS constructs. All constructs indicate significantly strong and positive associations, especially
between Relevance and Satisfaction, as well as Attention and Satisfaction.
Table 3.1. Pearson Correlation among ARCS constructs

Attention
Relevance
Confidence
Satisfaction

Attention

Relevance

Confidence

Satisfaction

.74**
.64**
.82**

.61**
.85**

.70**

-

**. Correlation is significant at the 0.01 level (2-tailed).

Table 3.2 shows descriptive, inferential and effect size statistics of students’ perception of
their motivational experience according to Keller (2010): Attention, Relevance, Confidence and
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Satisfaction (ARCS). The means for both groups appeared positive, ranging from 3.40 to 3.74 out of
5 with small negative effects ranging from zero effects (d= -0.08) to small (d = -0.36) (Cohen, 1992),
indicating that both the realistic and cartoon students perceived that the game attracted their
attention, appeared relevant to them, helped them build confidence, and draw satisfaction. Out of the
four constructs, attention shows the greatest difference between the conditions. The cartoon group
scored a mean of 3.40 and the realistic group scored 3.66. According to the t-test, this category
showed the smallest p value (0.09) and the largest negative effect size (-0.36) out of all constructs.
While the inferential t-test statistics showed that the means for the two conditions were not
statistically different, the effect sizes appeared negative on each of the four constructs. Being that
the effect sizes were calculated using the experimental/realistic condition as mean group 1 and the
control/cartoon condition as mean group 2, the negative effect sizes show a slight favor for the
control/cartoon condition. The skewness scores indicate the data are fairly symmetrical and the
kurtosis scores show normal distribution of the values. These results indicate that overall the
different graphics styles had a small, although not significant, effect on the motivational experience
of the students. Overall, the mean motivational scores for the cartoon group playing the cartoon
version of the game appeared slightly higher than the realistic group playing the more realistic
version of the game.
Table 3.2. Descriptive statistics, Inferential and Effect Size Statistics of Student Perception on ARCS
constructs between the realistic and cartoon conditions
Experimental
(Realistic)
Attention (12 items)
Mean
SD
Skewness
Kurtosis
Relevance (9 items)
Mean
SD
Skewness
Kurtosis

Control t-test
(Cartoon)

p-value

Cohen's d

3.40
(0.77)
-0.27
0.64

3.66
(0.67)
-0.22
-0.63

-1.72

.09

-.36

3.40
(0.71)
-0.07
0.24

3.47
(0.73)
-0.34
-0.33

-.48

.67

-.10

60

Table 3.2 (Continued)
Confidence (8 items)
Mean
SD
Skewness
Kurtosis
Satisfaction (7 items)
Mean
SD
Skewness
Kurtosis

3.69
(0.59)
-0.12
0.03

3.74
(0.74)
-0.22
-0.67

-.37

.71

-.08

3.43
(0.79)
-0.55
1.11

3.65
(0.86)
-0.50
-0.23

-1.26

.21

-.27

Note. The scales for each item have a maximum of 5 points.

Survey Results for Student Perception of Game Components
Table 3.3 shows descriptive, inferential and effect size statistics of students’ perception of
the game components according to Schell (2010) (Aesthetics and Story) as well as the researchercreated Content component. The means for both groups appeared positive, ranging from 3.36 to
3.64 out of 5, suggesting that both the realistic and cartoon students positively perceived the game
aesthetics, storyline, and learning content. The mean scores for story and content were identical and
indicate similar small negative effects ranging from -0.12 to -0.17 (Cohen, 1992). The cartoon group
scored a mean of 3.63 and the realistic group scored 3.36. While still resulting in small effect, the
aesthetics component showed the greatest difference between the groups. This category showed
the smallest p value (.07) and the largest negative effect size (-0.39) out of all components.
While the inferential t-test statistics showed that the means for the two conditions were not
statistically different, the effect sizes appeared negative on each of the three constructs indicating
small effect sizes favoring the cartoon conditions. The skewness scores indicate the data is fairly
symmetrical and the kurtosis scores show normal distribution of the values. These results indicate
that overall the different graphics styles had a small, although not significant, effect on the
motivational experience of the students. Overall, the mean game component perception scores by
the cartoon group playing the cartoon version of the game appeared slightly higher than the
experimental group playing the more realistic version of the game.

61

Table 3.3: Descriptive, inferential and effect size statistics of student motivational perception of
game components between conditions
Experimental
Control
t-test
p-value
Cohen's d
(Realstic)
(Cartoon)
Aesthetics (12 items)
Mean
3.36
3.63
-1.87
.07
-.39
SD
(0.70)
(0.67)
Skewness
-0.33
-0.28
Kurtosis
0.81
-0.40
Story (11 items)
Mean
3.55
3.64
-.55
.59
-.12
SD
(0.73)
(0.74)
Skewness
-0.53
-0.43
Kurtosis
1.50
-0.50
Content (13 items)
Mean
3.51
3.62
-.81
.42
-.17
SD
(0.66)
(0.68)
Skewness
-0.08
-0.40
Kurtosis
-0.19
-0.42
Note. The scales for each item have a maximum of 5 points.

Game Performance
Table 3.4 shows descriptive, inferential and effect size statistics of students’ game
performance scores within four scenes as well as the science inquiry skills scores. In regard to the
games scenes, the means for both groups appeared positive, ranging from 21.98 to 27.39 out of 30,
within the Milkshake, Coffee, and Ketchup scenes, and between 12.98 and 13.00 out of 20 for the
soup scene. In three of the scenes, the mean performances between the groups were almost
identical and the effect sizes ranged from 0.01 to 0.07. The coffee scene shows some difference (p =
.07) in favor of the cartoon group with a medium effect size (-0.47). The skewness scores indicate
the data is symmetrical and the kurtosis scores show normal distribution of the values.
For the science inquiry skills, the means for both groups appeared positive, ranging from
62.48 to 63.62 out of 80 for Identify Inquiry questions skill, 24.12 to 24.57 out of 30 for the Analyze
and describe data skill, and 86.60 to 88.18 out of 110 for the total skills. The two groups scored
similarly on both of the science inquiry skills on average with a small negative mean effect size
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favoring the cartoon condition. The skewness scores indicate the data is fairly symmetrical and the
kurtosis scores show normal distribution of the values.
Table 3.4: Descriptive, inferential and effect size statistics of student game performance between
the Realistic and Cartoon conditions
Experimental
Control
t-test
p-value
Cohen's d
(Realistic)
(Cartoon)
Game Performance at Each Scene
Total_Milkshake
Mean
27.66
27.39
0.32
0.75
0.07
SD
3.79
4.38
Skewness
-1.29
-1.81
Kurtosis
0.19
2.9
Total_Coffee
Mean
21.98
23.87
-1.83
0.07
-0.47
SD
5.69
0.7
Skewness
-0.13
-0.24
Kurtosis
-0.99
-0.52
Total_Ketchup
Mean
23.79
23.63
0.16
0.87
0.03
SD
3.99
5.15
Skewness
-0.33
-0.46
Kurtosis
-0.37
-0.44
Total_Spoon
Mean
13
12.98
0.03
0.98
0.01
SD
3.35
3.58
Skewness
-0.08
0.09
Kurtosis
-0.13
-0.48
Total_GameScore
Mean
86.6
88.67
-0.95
0.35
-0.21
SD
10.46
9.58
Skewness
-0.68
-0.57
Kurtosis
0.18
0.9
Science Inquiry Skills
Identify Inquiry Questions
Mean
62.48
63.62
-0.59
0.56
-0.13
SD
8.85
9.00
Skewness
-0.89
-0.65
Kurtosis
1.58
0.4
Analyze and Describe Data
Mean
24.12
24.57
-0.52
0.61
-0.11
SD
4.14
3.78
Skewness
-0.02
-0.28
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Table 3.4 (Continued)
Kurtosis
Total Inquiry Skills
Mean
SD
Skewness
Kurtosis

0.91

-0.09

-86.6
10.46
-0.68
0.18

-88.19
9.97
-0.56
0.55

-0.72

0.48

-0.16

Note. The scales for each scene have a maximum of 30 points, except for Spoon which is 20 points. The Identify
Inquiry Questions skill scale has a maximum of 80 points and the Analyze and Describe Data skill has a maximum of
30 points.

Qualitative Data
Open-ended perception survey questions. At the end of the motivation perception survey,
students were asked to respond to three open-ended questions to share more detailed information
about their perceptions of their game playing experience. These questions were intended to extract
more information related to research questions 1 and 2. Students were asked what they like about
the game, which parts helped them learn, and if there are areas in need of improvement. The
purpose of these questions was to note commonalities and differences among students exposed to
cartoon or more realistic graphics styles. Through the qualitative content analysis process (Drisko &
Maschi, 2015), answers were coded into common themes and totaled for each question.
Figure 3.1 shows answer summaries to the question What parts or features of the Follow the
Heat Science game did you like best? Why? The most popular topic provided for this question had to
do with the game mechanics. Some unedited, direct quotes pertaining to this subject are as follows:
●

I like the parts where you had to heat the item down and up because it actually feels like you
have involvement with the game.

●

I liked how we would chose what to use to heat the food

●

I liked it when it says to make sure to make it not hot, and that basically represents the whole
point of science. And i also liked when it asked us which way is the heat/cold going. its
important to learn this, and i really like the way its designed.

●

dragging the objects because i really like dragging things.
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●

i liked most the cooking game because that happens a lot in the world people dose not know
how to heat up stuff but you can try by practicing and stuff

The next most popular answer for favorite parts of the game had to do with character personalities
and the interaction with them. A few representative samples include:
●

i like the part when you surve the custemers and there just being selfish

●

i felt that the people being demanding really helped me

●

The characters were funny, it helped me a lot , and i liked it

●

I liked the way everything was set up.I say this because i liked how pickey the coustemers
were and it tought me more science.

●

when you could read the customers conversation

●

i liked the way the game was designed and the way they express the character
Many students also enjoyed the fun and comedic ambiance and that the game setting took

place in a diner. Some participants in the realistic group liked that the game served as a refresher for
the thermal energy transfer subject, and several participants from the cartoon group appreciated the
realistic context. A few commented that they liked the graphics and animation (mostly in the realistic
group), and in some cases, specific scenes were noted as the favorite part of the game.

Figure 3.1. Answers for favorite parts or features of the game
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The responses to the question What parts or features of the Follow the Heat Science game
did you feel were effective in helping you learn about heat transfer? are summarized in Figure 3.2.

Figure 3.2. Parts of the game that helped learning
The most common answers had to do with using the arrows to determine the direction of
heat flow. Sample answers included:
●

The part that helps the most is the arrows showing in what direction the heat move

●

The signs where you had to say where the heat traveled because you need to know the
information but you also need to understand it and this game was helpful for understanding
information.

●

i think when it was asking me to put an arrow to weather its hot to cold that's what helped me

●

when you had to choose what direction the arrow was pointing to transfer heat.

Many students also found the process of heating and cooling the food, as well as having a target
temperature (unique to the realistic group) to be the most helpful. Examples of this include:
●

the part which i had to find what makes it hotter or colder.

●

the temps and the theromator
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●

I learned a lot about heat transfer in the parts when we caculoated specfic measurments.

●

The parts that were effective to me were the parts where I had to figure out what material
would warm/cool others, which way the heat is going, and how much to heat it.

Other aspects of the game they found to be helpful for learning are indicated in Figure 3.2.
Summaries of the answers for the last question Are there any areas you feel need to be
modified and improved? are presented in Figure 3.3. Overall students in both conditions stated that
they enjoyed the game and did not provide any ideas for making it better. Regarding suggestions for
improvement, most comments pertained to changing the graphics and animation, and most
references came from the realistic group. Here are some sample entries:
●

The charters,graphics,animations in need, color

●

The designs could be better.

●

GRAPHICS

●

i would like for the people to move and move their mouth when they talk

Other comments suggested that the customers be nicer, the level of challenge should be
increased, and other aspects of the game need to be updated for better usability.

Figure 3.3. Suggestions for Improvement
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Focus Group. Five students who played the game on day one were invited to participate in
a focus group the following morning. The group consisted of three students in the realistic condition
and two from the cartoon condition. In response to the question Did anything about the game catch
your attention? , the pushy demeanor of the customers was noted first. They thought the game was
fun and liked the diner setting. Several students mentioned that they have eaten at restaurants with
the 1950’s style theme.
When asked Did you enjoy playing this game? Why or why not?, all agreed that they liked
playing the game and working with the hot and cold features. The milkshake scene was a favorite
among the group and one particularly liked to put ketchup on the burger in another scene. One
student stated, “They are all fun just different ways to show how heat transfers from hot to cold.”
Regarding the question What aspects of the game do you like?, the answers initially
described how the server maintained a positive demeanor and kept moving forward. Initially the
pushy demeanor of the customers upset the students, but they liked Beverly Anne’s sarcastic and
funny dialect. They also enjoyed making the customers happy at the end of the scenes and one
student liked that the game was set in a different time period.
When asked What aspects of the game do you not like?, the students mentioned the pushy
attitude of the customers, but overall they liked the game. They did not find any aspects of the game
to be confusing, however they made suggestions to improve the usability of one scene.
In response to How do you like the look of the scenes?, all agreed that the scenes looked
“cool” and it was not like an average game, particularly with the different scenes and the real life
scenario.
When asked How do you like the look of the characters?, first answers applied to how the
characters changed attitudes during the course of the game. They enjoyed working with multiple
characters and that each one had its own unique seat. The different clothes and personalities were
also appreciated.
For the next two questions, the researcher presented screenshots side by side of the
customers from the cartoon and realistic versions. Table 3.5 summarizes the responses for the

68

question What do you think of the visual style of these two sets of characters? Do you prefer one
over the other? Why? and Table 3.6 shows the summaries for the question How about the visual
style of these two sets scenery? Which do you prefer and why?.
Table 3.5. Comparison of observations for the customers

Cartoon Customers

Realistic Customers

-

-

-

They look mad.
They have the food items next to them. This
gives an idea of what you will be working
on.
The milkshake woman has different colored
hair from the other one.
They look like teenagers
Looks more cartoon

-

They look serious, as though they don’t
want to be there.
They do not have food items with them
They look like the parents of the other group
Looks more realistic

Table 3.6. Comparison of observations for the diner scenes
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Table 3.6 (Continued)
Cartoon outside diner

Realistic outside diner

This screenshot was revealed first. All students Words like “Oooh!” and “Whoa!” were
giggled at the name “Big Daddy’s Diner”.
expressed when this screenshot was revealed.
- “It looks like its on the water”
- “I like that one more”.
- “The doors don’t even look like you can
- “The diner looks more realistic”
walk into them”
- “I can see the whole picture”
- Beverly Anne appears very big, cannot see - Can see more of the scene, looks more
much of the diner.
realistic

Cartoon end of Burger/Ketchup scene

Realistic end of Burger/Ketchup scene

Regarding the burger: “I like the left - the burger
looks better, like it's cooked. Other burger looks
too plain.”
Regarding Beverly Anne: “She looks a lot
happier”

Regarding Beverly Anne: “She seems like she
doesn’t like her job”
Even though the same line is said, her
expression conveys a different tone.

Students were also shown side by side screenshots of the dining room and the kitchen. They
strongly preferred seeing the larger perspective of the dining room with the realistic version, however
they preferred the wider color ranges and detailed kitchen cabinets in the cartoon version. When
asked Did the game help you learn about thermal energy transfer? In what ways?, all agreed that
the game helped them learn about transferring energy from hot to cold. One commented:
It was easy to think about it that way because then you think about the heat transferring from
this hotter item to the colder item, so it is easier to point the arrow in the direction it is moving
when you think about it that way.
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Another remarked that it was helpful to choose the item to warm for warming up the
milkshake and then determining the direction of heat flow. Choosing the items and pointing the
arrows were most helpful.
Discussion
Through a quasi-experimental mixed methods approach, this study investigated the effects
of a cartoon graphics style and a more realistic graphics style to see if they have a different effect on
student motivational perceptions and game performance. Both versions of the game made a positive
impression on the students. While there were slight differences between the groups in the perception
survey and the game log data, both the cartoon and the realistic conditions considered the real-world
context and the emotions conveyed by the characters to be a favorite and helpful aspects of the
game. This section will discuss the findings in regard to the ARCS constructs, the game
components, game performance, as well as limitations and future directions.
ARCS Constructs
Generally both groups showed positive means in the perception survey for the motivational
constructs attention, relevance, confidence, and satisfaction. The positive scores are supported by
feedback from the open-ended survey questions as well as input from the focus group.
Attention. Out of all constructs, attention showed the greatest difference among the
constructs. The reason for the overall positive motivational perceptions can be explained from the
responses in the open-ended questions. Student attention was maintained by the pushy nature of
the customer dialogue, which made an impression on both groups. It was frequently mentioned in
the open-ended survey responses and in the focus group interview. The anticipation of receiving the
customer’s reaction after bringing back the food items created an ambiance of suspense, which is
representative of situational interest theory (Rogers & Schmidt, 2014; Schiefele, 1991; Schraw,
Flowerday, & Lehman, 2001). Students’ interest was maintained when they wondered what the
reaction from the customer will be - either a warm greeting or a nasty complaint. The emotions
conveyed through the dialogue helped drive the players to successfully complete the tasks and
maintained their curiosity level throughout the game.

71

Relevance. The students also observed that the characters in the cartoon version looked
like teenagers while the ones in the realistic version looked like the parents of the teenagers. Since
the cartoon characters appeared closer to the students’ age group, perhaps they felt the game was
more relevant in that they could identify as teenagers (Keller, 2010). Also in reference to relevance
(Keller, 2010), many comments in the open-ended questions of the perception survey indicated that
the diner game setting and working with the food items helped them make sense of the science
concepts. Since they are familiar with the food items, kitchen equipment, and eating out at a diner,
they could make connections with their prior knowledge and apply the thermal energy concepts. The
real-life context shows an example of how situated cognition (Brown, Collins & Duguid 1989; Lave &
Wenger, 1990) can help students make sense of abstract scientific concepts.
Confidence. In addition to the positive means for confidence indicated in the perception
survey, the game log data shows that both groups performed successfully across the
scenes. Situated cognition (Brown, Collins & Duguid 1989; Lave & Wenger, 1990) can also explain
the strong rating on confidence because the students were familiar with the diner and kitchen
settings, giving them a sense of orientation to move through the game and apply prior knowledge to
the tasks.
Satisfaction. Most students stated that they were happy with the game and did not give any
suggestions for improvement in the open-ended questions. High satisfaction is also inferred from the
overall positive results from both groups in the perception survey.
Another noteworthy observation about the perception survey results is that in all four
motivational construct categories, the cartoon group scored slightly higher than the realistic group. A
possible explanation for this is hinted from the findings in the focus group. When comparing scenes
of the two graphics styles side by side, many comments were drawn to the facial expressions of the
characters. Beverly Anne was described as much happier in the cartoon version and maintained a
more positive demeanor with dealing with the customers. Yet in the more realistic version, students
thought she was more serious and did not want to be working at the diner. The student’s sensitivity
to the characters’ appearance relates to previous literature in that the appearance of virtual
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characters can affect attitudes, beliefs, and motivation (Baylor, 2009). The emotional impact
triggered by expressions is known as contagion (Hatfield, Rapson, & Le, 2009) and is an
unconscious process prompted by observation and imitating expressive cues from other people
(Loderer, Pekrun, & Plass, 2019; Scherer & Coutinho, 2013).
Game Components
The findings in the perception survey suggest that both groups conveyed generally positive
perceptions for the game components aesthetics, story, and content. Along with showing high mean
scores, students contributed qualitative support for each component
Aesthetics. The aesthetics component showed the greatest difference among the game
components, indicating slightly higher scores for the cartoon group. While these differences are
modest, the higher scores for the cartoon group can be supported by the emotional contagion
(Hatfield, Rapson, & Le, 2009) witnessed in the focus group. Students in this session observed the
happier look of Beverly Anne in the cartoon version and noted the more serious look in the realistic
version. It is possible that Beverly Anne’s happier expression in the cartoon version gave them a
more positive impression of the game aesthetics. In the focus group, students made comments
pertinent to the aesthetics as well. When comparing the diner scenes side by side, students
expressed strong preferences for certain traits between the cartoon and realistic versions. Generally
scenes that had more color and detail were preferred over simple and less colorful backdrops. They
also preferred the realistic strategy of seeing the whole perspective of a room instead of the flat
views in the cartoon style. Students also picked up on how the characters fit in with the rest of the
scenery, especially in terms of size and proportion.
Story and Content. These game components showed similar high ranges between the
groups, also indicating slightly higher results for the cartoon group. Many of the open-ended
questions referred to serving the picky customers and using the kitchen tools to change the food
temperatures. They enjoyed following the storyline to conduct the scientific activities, which
demonstrates how situated cognition (Brown, Collins & Duguid 1989; Lave & Wenger, 1990) was
successfully integrated in this game-based learning context.
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Game performance
The game log data shows that both groups performed successfully and almost identically
across all scenes and science inquiry skills. The only exception was in the coffee scene, which
showed the greatest mean differences and with a medium effect size. This could be due to the
difference in the look of the characters: in the cartoon version the customer has a more exaggerated
angry look compared to the more subtle look of the realistic version. Another possible example of
emotional contagion (Hatfield, Rapson, & Le, 2009), the angrier disposition in the cartoon version
might have surprised the players and made them afraid to get the wrong answer.
Negative skewness is noted within the milkshake scene and the Ask a question science
inquiry skill data, showing that most scores are in the lower range. While students can choose any
scene to start the game, the milkshake scene is listed first, so perhaps the lower scores are due to
them getting acclimated to the game. For the activities that pertain to the Identify Inquiry Question
skill, there could have been usability issues. These questions offer hints that are accessible through
little information icons. It is possible they did not read them or did understand how they worked.
The open-ended responses indicate that they may have purposefully made incorrect
answers. For example, in response to the question What parts of features of the Follow the Heat
game did you like best? Why?, one student responded, “the fact that you could heat things to the
temp of the sun”. Students might not have been driven to strive for correct answers since the game
intervention was not part of the grading.
Limitations
Several limitations emerged from this study. First, the conditions were assigned at the class
level instead of at the student level. The lack of random assignment lowers internal validity. Next, it
is possible that the language in the perception survey was above the ability level for the young
students to completely understand. A few of the students had to ask for clarification about some of
the survey items, so for future studies, the language can be updated to be more user friendly for a
younger audience. Another issue is that the graphics styles of the realistic and cartoon conditions
might not have been different enough to produce striking differences on the student outcomes. In
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addition, there were different facial expressions among the graphics styles which did not match each
scene. Finally, the intervention was limited to a small sample size of six classes within one school,
limiting the generalizability and resulting in low statistical power.
Recommendations for Game Design
The results of this study have important implications for game design. Students are sensitive
to the affective quality in dialogue. When preparing conversations among characters and between
the characters and the player, consider writing in a style that grabs their attention. Do not hesitate to
exaggerate the emotional quality of the dialogue as it can create a personal connection to the player
and spark interest in learning.
Students are sensitive to the facial expressions. When designing game characters pay
attention to how the face matches with the dialogue. The same line can convey a different emotional
message depending on the look of the character’s face. Subtle changes in the eyebrow angle and
position, opening and closing of eyes, upside down or right-side up mouths, and smiles of various
sizes can convey different emotions.
Educational game designers should incorporate dialogue with strong emotional qualities.
Students demonstrated situational interest with their repeated references to the customer attitudes
and how it served as a driving force for helping figure out the correct temperatures. They also
remarked how the protagonist gave a positive example for dealing with difficult situations and kept
focus on fulfilling goals. This strategy for game development should be encouraged by people of
influence in the game-based learning field to help spark learning motivation for scientific topics.
Recommendations for future research
The graphics in this study might not have been different looking enough to make significant
impacts on student perception. Graphics styles can allow great variation in detail, color schemes,
line weight, pencil or paint textures, perspective, and shape. Future studies may consider using
styles that have more extreme differences in appearance. In addition, researchers might want to
consider using games variations with the same graphics styles but different facial expressions of the
characters.
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Conclusion
This study investigated a cartoon and a more realistic graphics style to see if they had an
effect on middle school students’ motivational experience and performance in a science inquiry
game. In general, both groups appeared to have positive perceptions of motivational constructs and
game components. It was found that the cartoon group produced slightly higher mean scores for
perceptions of the ARCS constructs and yielded negative effect sizes ranging from almost zero (d= 0.08) to small (d = -0.36). The cartoon group also showed slightly higher mean scores for
perceptions of game components aesthetics, story, and content, yielding small negative effect sizes
ranging from -0.12 to -0.17. In general both groups produced positive and nearly identical scores in
the game scenes, averaging zero effect sizes (0.01 to 0.07) in three of the four scenes. The cartoon
group slightly outperformed the realistic group in one scene, which showed a moderate effect size (0.47). Both groups also scored similarly in the science inquiry skills, averaging small effect sizes (0.11 to -0.21). Emotions, dialogue, and interactivity between characters emerged as recurring
themes in the student feedback and they found these aesthetic aspects to be helpful in learning the
scientific topic.
The results of this study suggests a contradiction to the previous claims about the
importance of narrative and aesthetics in game-based learning. Clark et al. (2016, p. 112) stated that
“…rich narratives and visual complexity distract students from the intended learning content or
provide alternative goals within the game that do not support improvement on the assessed outcome
measures.” Wouters et al. (2013) recommended that serious games designers should put their
efforts toward the development of learning content instead of visual design issues.
The findings of this study provide evidence, from the students themselves, that they found
the storyline of working in a diner and helping picky customers to be helpful in learning about thermal
energy transfer. The storyline based on a real-life context helped them draw on their prior knowledge
and understand the heat transfer concepts. According to Gee (2003) and Lim (2008), the backstory
can enhance a player’s commitment to the game tasks and gives them an emotional connection to
the characters and the context, leading to stronger engagement in the learning tasks. This also
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demonstrates how situated cognition (Brown et al. 1989) helps learners make sense of the learning
content. The students were also sensitive to the expression on the characters’ faces and made a
connection with the protagonist as they helped her fulfill the science tasks, showing an example of
situational interest (Rogers & Schmidt, 2014; Schiefele, 1991; Schraw, Flowerday, & Lehman, 2001)
and emotional contagion (Hatfield, Rapson, & Le, 2009. In order to correctly convey emotions in a
character, one must know how to construct the details of the face and body with artistic principles
(Williams, 2012), so a strong understanding of aesthetics is necessary in order to achieve this.
Designers and developers of educational games can take these points into consideration for
developing future game-based learning experiences.
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CHAPTER FOUR:
DISCUSSION
A systematic literature review and an experimental study were conducted in this dissertation
research to explore how aesthetics influence learning and motivational outcomes in STEM gamebased learning environments. This chapter will provide a brief summary of each article first, and then
followed by deliberation on parallel findings and implications, and finally suggestions for future
directions.
Summary of the Systematic Literature Review Article
The systematic literature review was conducted in order to find design and visual trends in
game-based learning interventions, and to look for patterns of relationships among student learning
and motivational outcomes. The review focused on STEM-based game learning interventions and
included a total 44 studies published between 2008 and 2019 on game-based science learning that
included some visual representation of the games utilized in the studies.
The coding process involved three main categories: game characteristics, visual design
attributes, and research design methods. The game characteristics include: learning topics covered
the games, participant information, and other details about the development of the games. To imitate
Wouters et al. (2013), the interactivity levels of the games were noted as active or passive, however,
a new option for science inquiry level activity was added. The visual attribute category included
graphic style similar to Wouters et al. (2013), and Clark et al. (2015), however it was expanded to
also offer an illustrative classification (in-between realistic and abstract), and a mixed classification. It
also offered dimension, Color scheme, and game settings. The research design methods category
includes details about the experimental design of the game interventions and the student outcomes
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being investigated. Student learning and motivational outcomes were extracted and identified as
having no significant effects, significant positive effects, or significant negative effects.
Regarding the game design characteristics, most studies focused on elementary and middle
school students for teaching physics, math and biology. Only three genres of games facilitated
Science inquiry level activities: role playing, multiplayer, scenario-based, and strategy. Cognitivism
and constructivism were named as the most popular theoretical backgrounds and the learning focus
of most studies was scientific knowledge and concepts.
Regarding trends in visual attributes, the cartoon and realistic styles were the most popular,
however the realistic style made a big distinction and that all of the games were represented in the
three-dimensional format and that nearly all integrated science inquiry level activities for a wide
range of STEM topics. Most games use a natural color scheme and situated the game environment
in an outdoor setting. No other remarkable trends in visual design were noted.
Upon review of visual style and learning achievement, the majority of all graphics styles
showed significantly positive learning outcomes, however the realistic style was most prevalent and
most consistent across the three study comparisons. The cartoon category showed a few anomalies
in the significantly negative classification, however these results could have been due to violations of
Mayer’s (2011) multimedia design principles of coherence and contiguity. The game interfaces in
the studies were cluttered or used graphical forms that might have been unrecognizable to the
players.
Similar to Cheng et al. (2015), it was found that role-playing was among the most popular
types of games, cognitivism served as the basis for most studies and scientific knowledge and
concepts was the main learning focus. However there are more instances of studies explicitly stating
which theoretical backgrounds served as the basis of the studies. Contrary to Wouters et al. (2013)
and Clark et al. (2015), no differences were noted among the different visual realism styles in regard
to learning outcomes and the realistic graphics style showed the most prevalence and consistency
compared to the others. Unlike the collection in Wouters et al. (2013), all games except for one were
noted as integrating active or science inquiry level interaction in the games. In addition, the realistic
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category represented the highest number of science inquiry level activities. These findings suggest
that high visual realism is not necessarily detrimental to student learning outcomes as Wouters et al.
(2013) and Clark et al. (2015), suggested in their conclusion. Rather, it is the level of interaction and
other game elements aligned with the subject matter that leads to higher learning outcomes.
Another distinguishing feature of this systematic review is that motivational outcomes were
extracted for each visual realism style. The majority of the studies indicated positive outcomes, but
instances of no effects appeared in a large portion. Instances of no effect were most likely due to
non-visual style factors such as student characteristics and personality differences. While the
outcomes appeared to have been due to other design factors of the game and study, this coding
strategy offers as a framework for research in future primary studies and meta-analyses. The study
also offers other educators and serious game designers more criteria to consider when examining
the effectiveness of game based learning interventions, particularly with more detailed visual realism
criteria, and game interactivity levels. Future game designers can use these findings as inspiration
for developing future games and improving game based learning experiences.
Summary of the experiment article
The experimental study was conducted as a response to the need recently expressed by
scholars (Plass et al., 2019; Tay, 2015) to investigate how aesthetics influence the game playing
experience. This study contributed to the dearth of knowledge by setting up a comparison of two
different graphical styles within a STEM game-based learning experiment.
The game development process for Follow the Heat was based on several theoretical
foundations: situated cognition, situational interest, activity theory, and the ARCS model. Situated
cognition is represented in the game through the diner setting. This environment incorporates
familiar kitchen appliances such as a refrigerator, stove, microwave and other common tools in the
kitchen. The students are also familiar with the protocol of going to a restaurant, ordering food, and
waiting for the waiter and kitchen staff to get the food ready. This familiar context helps them apply
their prior knowledge to the scientific activities in the game. The interaction with the customers
facilitates situational interest. Since the customers can be rude or happy, an element of suspense is
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as the players are working to prepare the food. Activity theory formed the framework for organizing
all the game elements. The player (subject) works between the waitress and the customers (roles) at
a diner (community). Through the character dialogue and the kitchen appliances (mediating
artefacts), the temperature of food is changed according to the limitations of thermal energy transfer
(rules) so that the customers can enjoy their food at preferred temperatures (object outcome). The
ARCS model provided support for situational interest so that the students would maintain attention,
feel that the game was relevant to their needs, enjoy a sense of confidence, and be happy with the
learning experience (satisfaction).
Two versions of Follow the Heat were prepared: one with a cartoon graphics style and the
other with a more realistic looking style. All other game components remained the same as the
graphic style was the only independent variable. The purpose of this study was to see if different
graphic styles made a difference in student motivational outcomes, and game performance.
Quantitative measures used in this Study include a motivational perception survey and game
log data. Qualitative measures include open-ended questions at the end of the perception survey as
well as a focus group interview. The perception survey was Keller’s (2010) IMMS with one important
modification: instances of the word “lesson” in the questionnaire items replaced with the word
“game”. The game log data indicated scores for activities within each customer scene and also
match them to science inquiry skills. The open-ended questions in the survey asked the students
what parts of the games they liked, which helped them learn, and if there were any suggestions for
improvement. Finally, the focus group addressed more specific information about their perceptions
of the graphical differences.
The study was conducted at a public middle school in the southeastern United States with 95
sixth grade science students. The intervention took place over two school days and spanned across
six class periods each day: students in three class periods were assigned to the control (cartoon)
version of the game and the other three class periods were assigned to the experimental (more
realistic) version of the game. The conditions were alternated by class period. On day one students
took a pretest and played the game. The morning of the second day, five students, which comprised
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of two students who played the cartoon version and three who played the experimental version, met
with the researcher for a focus group. After the focus group, the rest of the day proceeded in a
similar fashion as the previous day, however after the students played the game they took the
motivational perception survey.
Results from the perception survey indicated that overall both groups had a positive
perception of the game, but the cartoon group produced slightly higher scores for both the ARCS
motivational constructs and the game components. These differences were not significant and had
small effect sizes. A pattern that emerged within the motivational constructs was that attention
ended up with the largest effect size (-.36) compared to the other constructs. Within the motivational
perception of game components, aesthetics had the largest effect size (-.39) compared to the others.
In general both groups had similar performance across the game scenes and science inquiry
skills. The game log data showed that in three of the four scenes performance between the cartoon
and realistic group was nearly identical and averaged zero effect sizes (.01 to .07). The cartoon
group scored slightly higher than the realistic group in one scene and indicated a moderate effect
size (-0.47). The science inquiry skills also showed similar scores between the groups and yielded
small effect sizes ranging from -0.11 to -0.21.
While the quantitative data did not reveal significant differences among groups, the
qualitative data provides a better insight on how the students perceived their gameplay experiences.
When asked about their favorite parts of the game, both groups enjoyed the process of heating and
cooling the food and that it was situated in a realistic context. They also appreciate the strong
personalities of the characters. They found the pushy demeanors expressed through the dialogue to
be funny and motivating to learn about science. When asked about the most helpful learning
features of the game both groups enjoyed the game mechanics, specifically the arrows to help
indicate heat flow direction, the thermometer, and the actions of adjusting the temperatures. When
asked about things that need improvement, most stated that no improvements were needed.
However the most popular suggestion had to do with improving graphics and animation, mostly
coming from the experimental group.
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During the focus group sessions, matching scenes from each version were presented to the
students for comparison. One of the first things the students observed was the difference in facial
expressions among the characters, especially with Beverly Anne. They perceived Beverly Anne to
look happier in the cartoon version and more serious in the realistic one, even suggesting that she
looks like she doesn’t like her job. The interesting observation about this group is that the dialogue
was written exactly the same however they expression on their faces conveyed a different emotional
ambience.
Regarding the game scenery the students preferred the higher detail and sense of
perspective in the realistic version compared to the cartoon. They noted how the proportions of the
characters compared to the buildings and other elements in this scene for more believable and
realistic version. When comparing the look of the customers, they remarked that the ones in the
cartoon version look like teenagers and that the ones in their realistic version could be the parents of
the teenagers. Another observation the researcher made after reflecting on these answers is that
whenever students were asked about the looks of the characters they used emotional terms to
describe their appearances, not visual design terms.
The results of the study appear to contradict the assumptions from Wouters et al. (2013) and
Clark et al. (2015) in that Visual realism and story line should take a backseat to the learning
content. As noted from the qualitative data, students were captivated by the strong personalities of
the customers, which kept their interest and motivated them to play the game and learn about
science. They were also sensitive to the facial expressions of the characters and made differing
presumptions about them despite the written material being the same between the game versions.
They also appreciated seeing more details in the scenery and made connections between how the
scenery related to the characters and the other elements within the game interface.
This quasi-experimental mixed methods study was conducted in an effort to address
previous scholars’ call for the need of aesthetic research in instructional technology projects. It is
hoped that other educators and game designers can be inspired from the methods and results from
the study to further investigate aesthetics and improve game based learning experiences.
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Impact of Visual Style on Learning
Results of both the systematic literature review and the experiment showed different results
than conclusions in the prior reviews. Contrary to Wouters and colleagues (2013) who favored the
schematic (abstract) style over cartoon and realistic, the findings in the systematic literature review
showed that none of the graphics styles appeared to be better associated with learning achievement
than others. All styles indicated significantly positive learning outcomes, with the realistic style
showing the most consistency.
The experiment further supports this finding in that the graphics style in general did not make
a difference for the students scoring positively within the science inquiry game activities. While there
was a slight difference in favor of the cartoon group in one scene, overall both groups demonstrated
parallel performance across the scenes and science inquiry skills.
Impact of Visual Style on Motivation and Emotions
The systematic literature reviewed revealed mostly positive motivational outcomes across
the visual styles. The experiment findings provided more comprehensive details about how the
students’ motivation and emotions were impacted by visual design. The qualitative results
demonstrated that students are sensitive to the character facial expressions and pick up on
differences when the same line of text was spoken with a different facial expression. Students in the
focus groups observed that the Beverly Anne appeared happier in the cartoon version and more
serious in the realistic version. When comparing two scenes with the same dialogue, the students
also drew different conclusions about the characters. For example, in the realistic version they
assumed that Beverly did not like her job and did not want to be there while the cartoon version
depicted a more positive attitude.
Students were also sensitive to the strong emotions conveyed by the customers. The
answers to the open-ended questions revealed that students liked dealing with the angry-looking
customers because it drove them to get the right answers. An air of suspense was established as
they prepared the food in the kitchen because they were aware that customer might show anger if
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the order was not right. The anticipation of the customer’s response motivated them to get the right
answers.
Directions and Implications for Instructional Design and Future Research
The systematic literature review and the experimental offer several implications for
consideration in future research. First, the tone of character dialog makes an impression on the
students and can possibly motivate them to strive for the correct answers. When writing text for the
storyline and the dialogue in a game, consider putting it in a tone that will grab their attention. In the
Follow the Heat game there were mixed feelings about the rude nature of the characters, however
there was no doubt that it caught everyone’s attention. Some students even indicated that the pushy
nature motivated them to get the correct answer and complete the game activities. When writing
character dialog, consider exaggerating the emotional tone because it can establish a connection
that stays with them throughout the game playing experience.
Second, students demonstrated to be sensitive to the character facial expressions and
observed differences when the same line of text was spoken with a different facial expression. When
designing characters, make sure that the facial expressions match the tone that the story line is
trying to convey. Also consider that subtle changes in the positioning, angle, and shape of eyebrows,
eyes, mouths, and smiles can represent different emotions.
Third, the experiment article offers an interpretation of Keller’s (2010) IMMS adapted for a
game based learning context. Since the items are aligned to the game components, scholars can
get an idea of how the participants perceive certain aspects of a game and possibly identify areas in
need of improvement.
Fourth, the systematic literature review utilized expanded categories for visual realism
including abstract, cartoon, illustrative, realistic, and mixed. These categories cover a wider range of
artistic differences compared to previous studies (Clark et al., 2015; Wouters et al., 2013) which may
be helpful for classifying games in future systematic studies.
Fifth, the systematic literature review compared graphics styles on motivational
outcomes. Since aesthetic attributes and emotions are related to each other, this approach can
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reveal aspects of visual design that can help or hinder student affective outcomes. Paying attention
to this relationship can help establish a positive learning experience, and therefore, set up optimal
conditions for learning (Parrish, 2009).
There remains a dearth of research pertaining to how game aesthetics influence learning
and motivational outcomes in game-based learning experiments. The contributions of these studies
are intended to help designers and developers of educational games create positive and effective
learning experiences.
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Appendix C: Focus Group Questions for Experiment Article
Focus group questions for
The Effect of Aesthetics on Perception and Performance in a Middle School Science Game
Based on the IMMS Survey:
Keller, J. M. (2010). Motivational design for learning and performance. [electronic resource] : the
ARCS model approach. New York ; London : Springer, 2010. Retrieved from
http://ezproxy.lib.usf.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=c
at00847a&AN=usflc.021856169&site=eds-live
1.
2.
3.
4.
5.
6.
7.

Did anything about the game catch your attention?
How do you like the look of the scenes?
How do you like the look of the characters?
Did you enjoy playing this game? Why or why not?
What aspects of the game do you like?
What aspects of the game do you not like?
What do you think of the visual style of these two sets of characters? Do you prefer one over
the other? Why?
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8. How about the visual style of these two sets scenery? Which do you prefer and why?

9. Do you have any ideas or suggestions for how to make the game more fun?
Do you have any ideas or suggestions for how to make the game look better?
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Appendix D: IMMS Items Matched with the ARCS Constructs
ARCS
Attention

Questions
02A01 There was something interesting at the beginning of this game that got my
attention.

Attention

08A02 These materials are eye catching.

Attention

11A03 The quality of the writing helped to hold my attention.

Attention

12A04 This game is so abstract that it was hard to keep my attention on it.

Attention

15A05 The scenes of this game look dry and unappealing.

Attention

17A06 The way the information is arranged on the pages helped keep my attention.

Attention

20A07 This game has things that stimulated my curiosity.

Attention

22A08 The amount of repetition in this game caused me to get bored sometimes.

Attention
Attention

24A09 I learned some things that were surprising or unexpected.
28A10 The variety of reading passages, exercises, illustrations, etc, helped keep my
attention on the game.

Attention

29A11 The style of writing is boring.*

Attention

31A12 There are so many words on each page that it is irritating.*

06R01 It is clear to me how the content of this material is related to things I already
Relevance know.
09R02 There were stories, pictures or examples that showed me how this material
Relevance could be important to some people.
Relevance 10R03 Completing this game successfully was important to me.
Relevance 16R04 The content of this material is relevant to my interests.
18R05 There are explanations or examples of how people use the knowledge in this
Relevance game.
23R06 The content and style of writing in this game convey the impression that its
Relevance content is worth knowing.
Relevance 26R07 This game was not relevant to my needs because I already knew most of it.
30R08 I could relate to the content of this game to things I have seen, done or thought
Relevance about in my own life.
Relevance 33R09 The content of this game will be useful to me.
01C011 When I first looked at this game, I had the impression that it would be easy for
Confidence me.
Confidence 03C02 This material was more difficult to understand than I would like for it to be.
04C03 After reading the introductory information, I felt confident that I knew what I was
Confidence supposed to learn from this game.
07C04 Many of the pages had so much information that it was hard to pick out and
Confidence remember the important points
Confidence 13C05 As I worked on this game, I was confident that I could learn the content.
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Confidence 19C06 The exercises in this game were too difficult.
25C07 After working on this game for a while, I was confident that I would be able to
Confidence pass a test on it.
Confidence 34C08 I could not really understand quite a bit of the material in this game.*
35C09 The good organization of the content helped me be confident that I would learn
Confidence this material.
05S01 Completing the exercises in this game gave me a satisfying feeling of
Satisfaction accomplishment.
Satisfaction 14S02 I enjoyed this game so much that I would like to know more about this topic.
Satisfaction 21S03 I really enjoyed playing this game.
27S04 The wording of feedback after the exercises, or of other comments in this game,
Satisfaction helped me feel rewarded for my effort.
Satisfaction 32S05 It felt good to successfully complete this game.
Satisfaction 36S06 It was a pleasure to work on such a well-designed game.
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Appendix E: IMMS Items Matched with the Game Components
Game
Components

Aesthetics

Questions
01C011 When I first looked at this game, I had the impression that it would be easy
for me.
02A01 There was something interesting at the beginning of this game that got my
attention.
07C04 Many of the pages had so much information that it was hard to pick out and
remember the important points

Aesthetics

08A02 These materials are eye catching.

Aesthetics

09R02 There were stories, pictures or examples that showed me how this material
could be important to some people.

Aesthetics

15A05 The scenes of this game look dry and unappealing.

Aesthetics

17A06 The way the information is arranged on the pages helped keep my attention.

Aesthetics

20A07 This game has things that stimulated my curiosity.

Aesthetics
Aesthetics

22A08 The amount of repetition in this game caused me to get bored sometimes.
28A10 The variety of reading passages, exercises, illustrations, etc, helped keep my
attention on the game.

Aesthetics

35C09 The good organization of the content helped me be confident that I would
learn this material.

Aesthetics

36S06 It was a pleasure to work on such a well-designed game.

Content
Content

03C02 This material was more difficult to understand than I would like for it to be.
05S01 Completing the exercises in this game gave me a satisfying feeling of
accomplishment.

Content

10R03 Completing this game successfully was important to me.

Content

13C05 As I worked on this game, I was confident that I could learn the content.

Content

14S02 I enjoyed this game so much that I would like to know more about this topic.

Content

19C06 The exercises in this game were too difficult.
23R06 The content and style of writing in this game convey the impression that its
content is worth knowing.

Aesthetics
Aesthetics

Content
Content
Content

24A09 I learned some things that were surprising or unexpected.
25C07 After working on this game for a while, I was confident that I would be able to
pass a test on it.

Content

26R07 This game was not relevant to my needs because I already knew most of it.

Content

32S05 It felt good to successfully complete this game.

Content

33R09 The content of this game will be useful to me.

Content

34C08 I could not really understand quite a bit of the material in this game.*
04C03 After reading the introductory information, I felt confident that I knew what I
was supposed to learn from this game.

Story
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Story

06R01 It is clear to me how the content of this material is related to things I already
know.

Story

11A03 The quality of the writing helped to hold my attention.

Story

12A04 This game is so abstract that it was hard to keep my attention on it.

Story

16R04 The content of this material is relevant to my interests.
18R05 There are explanations or examples of how people use the knowledge in this
game.

Story
Story
Story
Story

21S03 I really enjoyed playing this game.
27S04 The wording of feedback after the exercises, or of other comments in this
game, helped me feel rewarded for my effort.

Story

29A11 The style of writing is boring.*
30R08 I could relate to the content of this game to things I have seen, done or
thought about in my own life.

Story

31A12 There are so many words on each page that it is irritating.*
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